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Daily intake of water: 

Ingested form of liquid is 2100 ml/day,. 

Liquid synthesized by oxidation is 200 ml/day. 
Total water intake is 2300 ml/day. 


Daily loss of water from body: = 
insensible water loss through skin is 300-400 ml/day. Burns | H == 


increase evaporation. So persons with burns must be gi 7 ra 
: iven mar 
large amounts of fluid. 6 Piali: 


Insensible water loss through respiratory tract is 300-400 


ml/day. 
In cold weather greater loss of water occurs from lungs 


Water loss in sweat is 100 ml/day. 
Water loss in feces is 100 ml/day. 
Water loss in urine is 1-1.5 L/day. 


Body fluid regulation 


Body Fluid compartments: 
All transcellular fluids (synovial, peritoneal, pericardial, intraocular fluids and CSF) 


constitute about 1-2 liters. 
In a 70 kg man total body water is 60% of body weight or about 42 liters. 
e of total body weight that is fluid gradually decreases 


As a person grows older, percentag 
roportional to body fat. Aging is associated with an 


b/c total body water is inversely p 


increase in body fat percentage by weight. 


| body water average about 50% of body weight b/c women have a greater 


In women tota 


percentage of body fat. 


In premature and newborn babies t % of body weight. 


otal body water ranges from 70-75 


Intercellular Fluid Compartments: 
28 liter of intracellular fluid constitutes about 40% of total body weight. 


Extracellular Fluid Compartments: 
14 liter of extracellular fluid constitutes about 
20% of total body weight. 
Interstitial fluid makes up more than three 
fourths (11 liters) of extracellular fluid. 
Plasma makes up almost one-fourth of 


extracellular fluid or about 3 liter. 
Plasma is the non-cellular part of bold. aie 
Plasma and interstitial fluid have abou 


; i ea 
composition except for proteins, which hav 


Body fluid Compartments 


higher concentration in plasma. 
——— Page 1 —_—_———— 
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Blood volume: 
> Blood contains both extrac ellular fluid (plasma) and intracellular fluid (fluid in Rises) 
Average blood volume of adults is about 7% of body weight or about 5 (tev, 


About 60% of blood is plasma and 40% is red blood cells. 


Hematocrit: 
It is fraction of the blood composed of red blood cells. 


In men hematocrit is about 0.40. 
In women it is about 0.36. 


lonic composition of plasma and interstitial fluid: 

lonic composition of plasma and interstitial fluid is same b/c of donnan effect the 
concentration of cations is slightly greater (2%) in plasma than in the interstitial fluid, T, 
plasma has a net negative charge and therefore tends to bind cations such as sodium a, 
potassium. 

Negatively charred ions (onions) tend to have higher concentration in interstitial fluig 
compared with plasma b/c negative charges of plasma proteins repel negatively charge, 


onions. 


Donnan Effect: 
Phenomenon of predictable and unequal distribution of permeant charged ions on ithe 


side of a semipermeable membrane, in the presence of impermeant charged ions, 


Permeant Ions: 
lons that can pass through a semipermeable membrane. 


Cations Anions 


Constituents of Extracellular fluid: 
Major cation of extracellular fluid is sodium. 
Major anions of extracellular fluid are chloride and 


bicarbonate ions. 


mEq/L 


Constituents of Intracellular Fluid: 
Major cations of intracellular fluid are potassium and 


magnesium ions. 
~ Major anions of intracellular fluid are protein and 


f 
tions and anions © 
d Compartment 


phosphate ions. 
’ A : Major ca 
~ Cells contain large amounts of protein almost four times Body flui 


as much as in the plasma. 
Intracellular fluid has no calcium ions. — os 
eee Page 2 m 
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Glucose; 


Urea; 


Lactic acid; 


a 
fesse nt 
C 


Electrolytes Extracellular Fluid intracellular Fluid 
(mOsm/L H20) (mOsm/L H20) 


The indicator dilution principle: 
ent in the body can be measured by using 


The volume of a fluid compartm “the indicator 

dilution principle”. 

> This method is based on the 
mass of a substance after dispersion in the flu 

d into the fluid compartment. 


ple, which means that the total 


conservation of mass princi 
be the same as the total 


id compartment will 


mass in injecte 
ance present/concentration in plasma 


Formula used as, Volume = Amount of subst 


Determination of volumes of specific body fluid compartments: 
al body water: 


Measurement of tot 
3H,O) or heavy water (deuterium, 


> Radioactive water (tritium, 


2H,O) and antipyrine are 


used. 


ar fluid volume: 


Measurement of Extracellul 
hloride, radioactive iothalamate, thiosulfate and 


> Radioactive sodium (7 Na), radioactive € 
inulin are used. 
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Fluid Compartments 


e ar ne: 

urement of Intrace Iular volur | 

“as | 7 | 

ee Hular volume = total body water - extracellular volume 
Intracellula 


Measurement of plasma volume: 
ugi 3 
serum albumin and evans blue dye (T - 1824) are — volume niaii 
se ' 
ised Total body water H,O, 7,0, antipytine 
D l Extracellular fluid "Na, 'l-ioth daiat 
i . inulin 2, thi 
Measurement of interstitial Fluid volume: Dain ieee ns, 
Interstitial fluid volume = Extracellular fluid Pesada fluid tae 
Plasma volume l-albumin, Evans Py 
volume - plasma volume ie a a 
calculated as blood or 
A volume/(1 -H Š 
Measurement of Blood volume: interstitiat Auld iene a 
Radioactive chromium ( **Cr ) can be used or can arlene concern 
Measurement of Body Fluid Volumes 


be calculated as, 
Blood volume = plasma volume /1- 


Hematocrit 


Osmolality: 


When concentration is expressed as osmoles per kg of water. 


Osmolarity: 
When concentration is expressed as osmoles per liter of solution. 


Calculation of the Osmolarity and pressure of a solution: 
By using van’t huff’s Law, we calculate the potential osmotic pressure of a solution, 


assuming that the cell membrane is impermeable to solute. 


For sodium chloride osmotic coefficient is about 0.93. 
For each milliosmole concentration gradient of an impermeant solute about 19.3 mmHg of 


osmotic pressure is exerted across cell membrane. 
About 80% of total Osmolarity of interstitial fluid and plasma is due to sodium and chloride 


ions. 
For intracellular fluid half Osmolarity is due to potassium : 


ion. ae zE or 
Types of solutions: | XE y 
c 


Isotonic solutions: 
Solutions having Osmolarity of 282 mOsm/L. 


e.g. 0.9% solution of NaCl and 5% Glucose solution. > ae K 
. + 200 mOsmvt $ : < pERTONC 
HYPOTONIC cen snes 
Cell swells 
ell volt? 


Hypotonic solutions: 
Effects of Different Solutions me 


Solutions having Osmolarity less than 282 mOsm/L. 
e.g. solution of NaCl with a concentration less than 0.9% a 
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if a cell is placed ina hypotonic solution cell will swell 
i swell up. 


M 
Hypertonic solutions: 
solutions having Osmolarity greater than 282mosm/1 
e.g. NaCI solution with a concentration greater than 0.9% 
» lfacellis placed in a hypertonic solution cell will shrink : 
Changes in Fluid volume and body Osmolarity: 
> A net gain of fluid by the body increases extracellular ine and net loss decreases 


extracellular volume. 

> Intracellular volume is only altered if extracellular osmolality changes. If extracellular fluid 
osmolality Increases, cells lose water and shrink. If extracellular fluid osmolality decreases 
` , 

cells gain water and swell up. 


Gain of isotonic solution cause an increase in extracellular fluid volume with no change in 
body Osmolarity and intracellular fluid volume. 
Gain of hypotonic solution cause an increase 


and a decrease in body Osmolarity. 


in both extracellular and intracellular fluid 


volume 
> Gain of hypertonic solution cause an incre 
Osmolarity and a decrease in intracellular fluid volume. 
as in hemorrhage, diarrhea and 
id volume with no change in body Osmolarity and intracellular volume. 
as in dehydration, diabetes insipidus and alcoholism cause a 
ume with a rise in body Osmolarity. 


ase in extracellular fluid volume and in body 


> Loss of isotonic fluid such vomiting cause a decrease in 


extracellular flu 
¿> Loss of hypotonic fluid such 


decrease in extracellular and intracellular fluid vol 


Hyponatremia: 
> When plasma sodium conce 


ntration becomes less than the normal (142 mEq/L). 


Causes: 
Dehydration 
Diarrhea 
Vomiting 
Addison’s disease 
Overuse of diuretics 
Over hydration 


VVVVVV 


Symptoms: 

Nausea and vomiting 
Brain cell edema. 
seizures 

Coma 


Death 


——— 5 
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Correction: 
The rate of sodium correction should be 8-12 mEg/L in the first 24 hours ang less; 
ha 

ñ 


mEq/L in 48 hours. 


; 


Hypernatremia: 
When plasma sodium concentration becomes elevated than normal. 


Causes: 
Dehydration 
Diabetes insipidus 
Hypothalamic lesions 
Cushing’s syndrome 


Symptoms: 
Fever 


Intense thirst 
Hypernatremia is not more severe the reason is that sodium retention Caused þ 
Y incre, 


aldosterone secretion also stimulates secretion of ADH and causes the kidneys t 
greater amount of water. O reat, 


Correction: 
By infusion of hypotonic sodium chloride or dextrose solution. 


Diabetes insipidus: 
Kidneys excrete large amount of dilute urine. 
Caused by lack of antidiuretic hormone. 


Edema: 
It refers to the presence of excess fluid in the body tissues. 
Causes of intracellular edema: 


Hyponatremia. 
Depression of metabolic system of tissues. 


Lack of adequate nutrition to cells. 


Causes of extracellular edema: 
Abnormal leakage of fluid from plasma to the interstitial spaces across neon r 
ed lymp e 


Failure of lymphatic’s to return fluid from interstitium back into blood call 


Types of edema: 


Pitting Edema: 
à . in i 
When a swollen part of the body has a dimple or indentation after pressing 
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The Body Fluid Compartments 


Cause: 
Alteration in starling forces 


Non-Pitting Edema: 
when a swollen pa 
part of the body has no dimple or indentation af 
on after pressing. 


Causes: 

Lymphatic obstruction 

Accumulation of osmotically active solutes in the interstitial s 
pace. 


Generalized Edema: 
Also called anasarca. 
swelling or edema is massive and generalized 


Causes: 
Heart failure 
Liver failure 
Kidney failure 
Ascites: 
Accumulation of fluid occurs in the abdomen. 
Cause: 
tein concentration falls. 


Chronic liver disease b/c plasma pro 
Elephantiasis: 

It is a condition in whic ossly enlarged due to 
obstruction of the lymph vessels. 


h limb or other part of the body becomes gr 


Causes: 
ereria bancrofti) a microscopic worm. 


Filaria nematodes (wuch 


Lymphangitis: 


It is an infection of lymph vessels. 


m staphylococcal infection. 


Causes: 
Mostly from streptococcal and less often fro 


Starling Equation: . iced 
starlin 
Mathematically capillary be expressed by an equation calle g 


equation. 
Filtration rate = Ky x (Pc - Pir- Me +t Tt) 


In above equation, 
Page 7 LS 
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filtration coefficient which is defined as, the product of th 
© per 
Me 


K, is the capillary 
and surface area of the capillaries. 


Pc - Capillary hydrostatic pressure. 

Pe - Interstitial fluid hydrostatic pressure. 

Te - Capillary plasma colloid osmotic pressure. 

Tht - interstitial fluid colloid osmotic pressure, which is zero . 


Factors Affecting GFR: 
Increased Bowman’s capsule hydrostatic pressure decreases GFR. 


Increased glomerular capillary colloid osmotic pressure decreases GFR. 


Increased glomerular capillary hydrostatic pressure increases GFR. 


Safety factors that prevent Edema: 
Low tissue compliance in negative pressure range about 3mmHg. 


mphatic flow driven by the tissue pressure about 7 mmHg. 


Ly 
ymph about 7 mmHg. 


Wash down of interstitial fluid protein by \ 


Total safety factor against edema is about 17MmmHg. 
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The Urinary System 


Metabolic waste products: 

urea comes from metabolism of amino acids. 
Creatinine form muscle creatin metabolism. 
Uric acid from nucleic acids metabolism. 
Bilirubin from hemoglobin metabolism. 


Renin: 
Renin is an enzyme comes from juxtaglomerular apparat 
Renin converts angiotensi i i ni 

| g | Inogen Into angiotensin |, which is converted int i i 
angiotensin converting enzyme (ACE) secreted in the lungs al 
Angiotensin Il is the vasoactive product i 


Regulation of Renin secretion: 

Regulators of renin secretion are, 

Perfusion pressuna of the kidney is inversely related to renin secretion 
anal stimulation of the kidney is directly related to renin secretion 
Sodium delivery to macula densa is inversely related to renin secretion. 


Macula densa: 
It is an area of closely packed specialized cells lining the wall of distal tubule, at the point 


where the thick ascending limb of loop of henle meets with the distal convoluted tubule. 


The cells of macule densa are sensitive to sodium concentration. 
rom macula dense that has two 


A decrease in sodium concentration initiates a signal f 
effects. 


It decreases resistance to blood flow in afferent arterioles. 


It increases renin release from juxtaglomerular cells. 


Juxtaglomerular Apparatus: 
It is a structure in the kidney that regulates the function of each nephron. 


Types of cells in juxtaglomerular apparatus: 
it consist of three types of cells, 
Macula densa 


Juxtaglomerular c 
Extra glomerular mesangial cells. 


ells which secrete renin. 


i lIs: l 
esa s in the kidney that make up the mesangium of the glomerulus. 


These are specialized cell 
I cells in the glomerulus. 


Accounts for 30-40% of tota 
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> 
> Itis outside the capillary lumen, but surrounded by ¢ apilla 


> 


Mesangium: 
It is a space which is continuous with the smooth mus 
iscles Of ar hei 
arterioles 


ries, 


It is in the middle b/w capillaries, 


Types of mesangial cells: 


> 
> 
> 
> 
> 
> 


\ 
r 


\ 


> 


» 


Extraglomerular mesangial cells: 


Also known as polkissen cells. 
These cells are found b/w afferent and efferent arterioles toward the 
Vas 
cular pe 


Jie, 


golmerulus. 


Functions: 
Play a role in autoregulation of blood flow to the kidne 


l i y and regulation of 5 
pressure through the renin angiotensin system. ¥stemie, 


Intra glomerular mesangial cells: 
These cells are located inside the glomerulus and in b/w capillaries 


Functions: 
Structural support of glomerular capillaries. 


Regulation of glomerular filtration rate. 
Mesangial matrix formation. 


Phagocytosis. 
Monitoring of capillary lumen glucose concentration. 


Also has contractile activity. 


Podocytes: 
These cells lining the bowman’s capsule in the nephrons of the kidney. 


Together with the endothdial cells of the glomerular capillary loop and the glomer 


basement membrane, they from a filtration barrier. 
Cooperate with mesangial cells to support the structure and function of gloment 


Erythropoietin: 
It is a hormone comes from endothelial cells of peritubular capillaries networ 
eh 


It stimulates production of red blood cells by hematopoietic stem cells inth 


Regulation of 1, 25-dihydroxy vitamin Ds production: oi 
è . . . . . . 1 U 
Inactive vitamin D is converted into active vitamin D by proximal convo 


have a-1 hydroxylase enzyme. 
a-1 hydroxylase enzyme is stimulated by parathyroid hormone. | 
Active from of vitamin D is 1, 25-dihydroxy vitamin D3 or calcitriO’ j 
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Kidneys: cium reabso 
i . rption inG 
> Kidneys lie o f IT, 
y n posterior wall of abdo 
cavity. men, outside the peri 
€ritoneal 


> Each kidney of the adult human have Weight 
about 150 
g. 


Structure: 
> Each kidney is composed of three main 
parts, ~~ 


Renal cortex: 
It is the outer part of the kidney , 


> It contain i 
s proximal convoluted tubule, distal c 
the collecting tubule. onvoluted tubule a 


Vv 


Structure of Human Kidney 


nd proximal segment of 


Renal medulla: 
> Itis the inner portion of the kidney. 
> The medulla of the kidney is divi i 
y is divided into 8 
ees to 10 cone shaped masses of tissue called renal 
> It contains loop of henle and distal segment of the collecting tubule 


Renal pelvis: 
> tis the expanded portion of ureter present at the center of the kidney. 


Kidney innervation: 
> Have sympathetic innervation. 
> No parasympathetic innervation. 


Kidney blood supply: 


Blood flow to both the kidneys is norma 


Pathway of blood flow is, 
- Inter-lobar arterie 


Ily about 22% of cardiac output or 1100 ml/min. 


ç - Arcuate arteries - Interlobular arteries (radial 
Glomerular capillaries - Efferent arterioles - 
Arcuate vain - Inter-lobar vain - renal 


Renal arty 


arteries) - Afferent arterioles - 
peritubular capillaries ~ interlobular vein - 
— r and peritubular 
The renal circulatio 
h are arranged in series an 
capi 
bout 13 mmH&. 

dary 0 


pillary beds, the glomerula 
ated by efferent arterioles. 
0 mmHg where 


nis unique in having two ca 
d separ 


llaries is about 6 as hydrostatic 


capillaries, whic 
Hydrostatic pressure in glomerular 
pressure in peritubular capillaries is a 
Arcuate arteries and veins are formed at the boun 


: ‘thelial cells. 
The glomerular capillaries are covered by epithelial ¢ 


f renal cortex and renal medulla. 
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The Urinary System 


Nephron: 
The nephron is the Functional unit of the kidney. 


Each human kidney contains about 800,000 to 1000,000 


nephrons, 
Kidneys cannot regenerate new nephrons. 


Structure of nephron: 
Each nephron is composed of renal corpuscle and renal 


tubules. 


Renal corpuscle: 
It is composed of glomerulus and Bowman’s capsule. 


Glomerulus: 
It is a network of small blood vessels that are located 


b/w afferent and efferent arterioles. 
It filters the blood. 


Structure of Nephron 


Bowman’s capsule: 
It is a cup like sac surrounding the glomerulus. 


Renal tubules: 
It is composed of, 
Proximal convoluted tubules 


Loop of Henle 
Distal convoluted tubules 


Collecting tubules 


Collecting ducts 
In each kidney there are about 250 large collecting ducts, each of which collects urine fron 


about 400 nephrons. 


Types of Nephron: 


There are two types of nephron, 


Cortical nephron: l 
Has short loop of henle that penetrates only the outer renal medulla. 


About 70% of nephrons are cortical. pa 
Supplied by an extensive network of peritubular capillaries. 


. in urine. 
Major function is excretion of waste products in urin 


Juxtamedullary Nephron: iis 
Has long loop of henle, extending deep into the renal me 
About 20-30% of nephrons are juxta medullary. É 
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’ 2 arterioles 


m ! ] f ad -d 


, extend f 
` tOM p 
ritubular capill Blorneruli e 


lawn into 


aries Called 


r current mechanism Vasa recta 
sm, j 


Physiological anatomy of the bladde 
Muscles of body and os m 
y neck of the bladder are smooth 
ae uscles which are call 
3 alled detrus 
When its fibers contract can increase ` 


pressure in the bladder up to 40 - 60 J 
If 


mmHg. 
Lt 97 i 
Muscle of the external sphincter of u r i (si) | 
: ery 4 sA 4 
bladder is voluntary skeletal muscle. ts aaa -A cg j l [” 
ed —7 PE i / 
Micturition is the process of emptying a a üa 
f 5) > Parasympatnated i fe agi 
of bladder. À B à E 
Puderdni ~ p: n ney amen 
~- +e —-——- í sternal aprwwter 


On the posterior wall of the bladder, 
lying above the bladder neck is a 


small triangular area called trigone. 
der at the uppermost angles of the trigone. 
mucosa which is folded 


Urinary Bladder and Its innervation 


The two ureters enter the blad 
The trigone mucosa is smooth in contrast to the remaining bladder 


to from rugae. 


bladder: 


Nerve supply of urinary 
h pudendal nerve connectin 


Somatic innervation throug 
innervates the external urethral sphincter. 
nervation through pelvic ne 


g with cord segments S2 and S; 
parasympathetic in rves innervates detrusor muscle and internal 


urethral sphincter. 
nervation 
detrusor mus 


gastric nerve connecting with the L; segment of 


through hypo 
| urethral sphincter. 


Sympathetic in 
spinal cord innervates cle and interna 


lows through the renal 


Ureter: 
position of urine as it f 


There is no significant change in the com 
(10 -14 inches) long. 
le and are inner 


plexus of neurons. 
hetic stimulation 


calyces and ureter. 
In adults ureter is nor 
The walls of the ureter contain sm 


parasympathetic nerves, a5 well as 
Peristaltic contractions jn ureters are enhan 


inhibited by sympathetic stimulation. 


mally 25 - 35 cm 
vated by both sympathetic and 


ooth musc 


by an intramural 


ced by parasympat and 


h the bladder wall is less than 


rses throug 
) does not always lead to 


eral reflux: 


Vesicouret 
e that the ureter cou 


le, the distanc ae 
uring micturitior 


In some peop 
normal, thus contraction of the bladder d 
plete occlusion of the ureter. ( 


com 
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The Urinary System 


As a result some of ine i 
S esult some of the urine in the bladder is propelled back { 
ackward into 
the 


Urete, 
é 


condition called vesicoureteral reflux 


Ureterorenal reflex: 
ea ureters are well supplied with pain nerve fibers, 
‘s non è orerar becomes blocked e.g: by a ureteral stone, inten 
Which is associated with severe pain. ee constriction Oco 
These pain i k: 
bs aA a sympathetic reflex back to the kidney to constrj 
ng urine output from the kidney. This effect is eale N 
Urten, 


a 


renal reflex. 
Micturition Waves: 
ond 300-4 i i 
00 ml of urine, collection of more urine in the bladder Causes th 
© pressy.. 


Bey 
these mi 

e 4 

Y ths 


to rise rapidly, 
micturition reflex. 


Cystometrogram: 
It is a test used to look for problems with the filling and emptying of the bladder 


During this test a catheter with attached manometer is placed in the bladder ang 
NC the 


bladder is filled slowly with fluid while its internal pressure is recorded. 


This gives information about bladder capacity, leak point and pressure at Various stages ~ 
ages çf 


filling. 


Micturition reflex: 
Micturition contractions are the result of a stretch reflex initiated by sensory stretc 


receptors in the bladder wall, especially by the receptors in the posterior urethra when ths 
area begins to fill with urine at the higher bladder pressures. 

Sensory signals from bladder stretch receptors are conducted to the sacral segments of t 
cord through the pelvic nerves and then reflexly back again to bladder through è: 


parasympathetic nerve fibers by way of these same nerves. 


ps 


Tabetic bladder: 


Syphilis can cause constrictive fibrosis around dorsal root nerve fibers destroying " 


condition is called tabes dorsalis. 


Bladder becomes distended and thin walled. 


; . l uld lead © 
Characterized by difficulty in urination and increased residual urine which co 


urinary retention with over flow incontinence. 


Atonic bladder: 
A bladder whose muscles do not fully contract. 
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Difficulty in urination. 
rs during the phase of spinal shock immediately after the injury. 


) The Urinary System CH# 02 


> Itoccu 
> > The bladder wall muscle is relaxed, the sphincter vesicae tightly contracted and the 
| sphincter urethra relaxed. 
> The bladder becomes greatly distended and finally over flows. 
| Automatic reflex bladder: 
> It occurs when patient has recovered from spinal shock, provided that cord lesion lies 
above the level of the parasympathetic out flow (S, S3 and S4). 
> Itis the type of bladder normally found in infancy. 
> The bladder fills and empties reflexly. 
) . 
Autonomous bladder: 
& It occurs if the sacral segments of the spinal cord are destroyed. 
7 
| > The bladder is without any external reflex control. T 
> The bladder wall is flaccid and the capacity of the bladder i greatly 
. . . . . t. 
g it merely fills to capacity and continual dribbling is the resu A e 
4 he bladder may be partially emptied by manual compre 
y The Dia 


abdominal wall. 
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Glomerular filtration rate: 


It is the volume of fluid filtered from the renal glomerular ¢ ipill 
, € ‘ aries inte, th 

e g 

OO Wye. 
wy, 


capsule per unit time 
The GFR is about 125 ml/min or 180 L/day. 


Reabsorption is 124 ml/min or 178.5 L/day. 
Excretion is 1 ml/min or 1.5 L/day. 

GFR is about 20% of renal plasma flow. 

> GFR = kx Net filtration pressure, 


Filtration fraction: 


It is the fraction of renal plasma flow that is filtered. 


> Itis about 0.2 or 20% of renal plasma flow. 
Can be increased either by raising the GFR or by reducing renal plasma flow, 


It can be calculated as, Filtration fraction = GFR / Renal plasma flow 


Glomerular capillary membrane: 
It has three instead of usual two major layers, 
The endothelium of the Capillary 


Basement membrane. 
Layer of epithelial cells (podocytes) Surrounding the outer surface of basement membrane 


VVVVv 


Barriers to plasma protein filtration: 


Barriers that prevent plasma protein filtration are, 
Endothelial cell proteins have negative charges that prevent the passage of plasm: 


proteins. 

> The basement membrane prevents filtration of plasma proteins, b/c of strong negative 
electrical charges associated with the proteoglycans of basement membrane. 

The epithelial cells which have negative charges prevent filtration of plasma proteins. 


Urinary excretion rate: 
Urinary excretion rate = filtration rate — reabsorption rate + secretion rate 


Renal plasma flow: 
Renal plasma flow = Renal blood flow x (1- Hematocrit) 


Filterability of solutes: 
A filterability value of 1 means that the substance is filtered as freely as water. 


p 

> A value of 0 indicates that it is not filtered. | 
p : ater. 

> Avalue of 0.75 means that the substance is filtered only 75% as rapidly as w athe! 

Fr 


n ne 
Positively and neutral charged large molecules are filtered more easily tha 
charged molecules of equal molecular weight. atic repulsi?" 


i i ost 
> Albumin is prevented from filtration by its negative charge and electr 
exerted by negative charges of the glomerular wall. J 
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Glomerular Filtration 


Filterability 

OoOo o o 

a SOS 
1.0 


Substance 


Glucose 
Inulin 
Myoglobin 
4lbumin 


Filtration coefficient: 


it is defined 
Í as, the product of permeability and surface area of the capillari 
aries. 


bs, GFR= Ke Net filtration pressure 
Filtration coefficient (K;) can be expressed as 


K.= GFR / Filtration pressure 


for kidney is 12.5 ml/min/mmHg. 
r 100g of kidney weight it is a 


The average k; of other tissues in the body is about 0. 


aises GFR and decreased kr reduces GFR. 
on and diabetes mellitus gr 
brane. 


bout 4.2 ml/min/mmHg. 
01 ml/min/mmHg per 100 


Normal ke 


when kis expressed pe 
grams. 


Increased ker 
adually reduce k; by increasing 


uncontrolled hypertensi 


Chronic 
capillary basement mem 


the thickness of glomerular 


n of afferent arterioles on GFR: 


tio 
es GFR. 


Effect of constric 
rent arterioles reduc 


Constriction of affe 
iction of efferent 
| of efferent arterio 
tion there is decre 
e in glomerular ca 


arterioles on GFR: 
on there is a slight increase in GFR, but 
d osmotic pressure 


colloi 
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Glomerular Filtration 


Vasoconstrictors of efferent arterioles: 


vasoconstrictor of efferent arterioles is angiotensin Il which prevent decrease | P 
es IN GE p 


Effect of autacoids on GFR: 

Nitric oxide, prostaglandins (PGE, and PGI,) and bradykinin decrease renal y 
resistance and increase GFR. s 
Under stressful conditions such as volume depletion or after surgery, the administr tate 
non-steroidal anti-inflammatory drugs such as aspirin inhibits prostaglandin synthesis 


cause significant reductions in GFR. 


Tubuloglomerular feedback of GFR: 

The juxtaglomerular complex consists of macula densa cells in the initial portion of 
distal tubule and juxtaglomerular cells in the wall of the afferent and efferent arterioles 
Angiotensin converting enzyme inhibitors may cause greater reduction in GFR, so the 
drugs are used to treat patients who have hypertension. i 
High protein intake and increased blood glucose, increase renal blood flow ang GFR 4y 
amino acids, glucose and sodium are reabsorbed together by the proximal tubule 
Increased A.A and glucose reabsorption also stimulates sodium reabsorption in th 
proximal tubules. 

This reabsorption of sodium decreases sodium delivery to the macula densa which elicis. 
tubuloglomerular feedback mediated decrease in resistance of the afferent arterial, . 
The decreased afferent arteriolar resistance then raises renal blood flow and GFR. 


Autoregulation of Renal blood flow and GFR: 

The ability of the kidney to maintain constancy of the GFR over a wide range of re: 
perfusion pressure is called autoregulation. 

Mechanism is the ability of blood vessels to resist stretching during increased arte: 


pressure called renal myogenic response. 


Minimal change nephropathy: 
Negative charges on the basement membrane are lost. 
Large amount of protein is lost in the urine, a condition called proteinuria. 


Most common cause of nephrotic syndrome. 


Causes: 
An immunological response with abnormal T- cell secretion of cytokines that neutralize 


negative charge of glomerular filtering system. 


Nephrotic syndrome: 
Injury to the glomerular epithelium or basement membrane occurs. 


Loss of protein occurs in urine but no red blood cells. 
a 
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Hormones 


Epinephrine 
R 
prevent decrease in GFR 
Increase GFR 


Nephritic syndrome: 
It is an inflammatory response to the glomerul 
2 me rular inju 
pro red blood cells leak form the blood s k 
am into the urin 
e. 


Decreases efficiency of the kidney 


factors that can decrease the GFR: 


Renal disease 
Diabetes mellitus 
Hypertension 

Urinary tract obstruction. 
Decreased renal blood flow. 


Increased plasma protein. 


Decreased arterial pressure. 


Decreased angiotensin II. 


Increased sympathetic activity. 


autacoids that influence GFR: 


Norepinephrine Decreases GFR 
Decreases GFR 
Decreases GF 


and 


Angiotensin II 
Nitric oxide 
Increases GFR 


Prostagl 
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Filtration load: 
It is the amount of a substance filtered per unit time 


Can be calculated as, 
Filtration load = GFR x Plasma concentration of the substance 
PUEN a ale e 


The filtered load of glucose is about 125 mg/min. 
As, Filtered load = GFR x Plasma glucose 


= 125 ml/min x 1 mg/ml 


= 125 mg/min 


Primary active transport: 
It is the transport coupled directly to an energy source, such as hydrolysis of ATp 
e.g: Na*- K’ ATPase pump, H' - K' ATPase and calcium ATPase pump. 


Secondary active transport: 
It is the transport coupled indirectly to an energy source, such as due to anion gradient, 


e.g: Co-transport of sodium and glucose in proximal tubule. 


Transport maximum: 
It is the highest rate in mg/min at which the renal tubules can transfer a substance fre 


the tubular fluid into interstitial fluid or from interstitial fluid into the tubular luminal fi 
beyond which it may be excreted in urine. 

It mostly occurs for substances that are actively reabsorbed or secreted. 

The limitation is due to saturation of the specific transport systems involved when? 
amount of solute delivered to the tubule exceeds the capacity of the carrier proteins 
specific enzymes involved in the transport process. 

In human the transport maximum for glucose averages about 375 mg/min. 


Threshold for Glucose: 


It is defined as, the plasma concentration of glucose at which glucose first appears " 


urine. 
It is about 250 mg/100mL or 250 mg/dL. 
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transport maximum for substances: 


Phosphate 
[Phosphate | 2.01 mmol/min 


Amino acids 


Plasma proteins [30 mg/min 


Para-aminohippuric acid 80 mg/min 


ii 


Gradient time transport: 

> Substances that are passively reabsorbed do not demonstrate a transport i 
their rate of transport is determined by other factors such as i 
Electrochemical gradient for diffusion of the substance piina the membrane. 
Permeability of membrane for the substance. 
Time that the fluid containing the substance remains within the tubule. 
e.g: Sodium transport in the proximal tubules obeys gradient time transport. 


V wv 


Solvent drag: 
> The movement of io 
rather than being facilitated by ion channels or cellular pumps. 


ns across cell membrane by bulk transport following the flow of water 


etion along renal tubules: 
bility is high and water is reabsorbed as the solutes. 


s low and no water is reabsorbed despite a 


Reabsorption and secr 

> In proximal tubule, the water permea 

> In ascending loop of henle, water permeability i 
large osmotic gradient. 

> In distal tubule, collecting tubules and Proximal tubule 

+: KAN AS 
collecting ducts water permeability can y 
be high or low depending on the ASON 


K+, 
H20, glucose, amino acids 


presence or absence of ADH. IZ 
IA ly, a À \ 
Role of proximal convoluted tubule: ‘Bax A 
> About 65% of the filtered load of E ee 
less amount = 


sodium and water and a 
of filtered chloride are reabsorbed by 
proximal tubule. 

> Total solute concentration re 
same all along the proximal tubu 


nephron to water. 


mains 
le b/c of extrem 


hiad — 
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clearance ¢ i 
arance can be used to estimate renal plasma flow 
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Role of loop of Henle: enn 
> o, ? 
About 20% of filtered water is reabsorbed in the 


Y 
vod 


WV 


descending limb of loop of henle. thin 


The ascending limb including both the thin and thick 
portions, are impermeable to water, 

About 25% of filtered load of sodium, chloride and 
potassium are reabsorbed in the loop of henle, mostly in 
the thick ascending limb. Some amount of other ions such 


oe x A aren 


oo 
> iar 
a Seg 


Ah 
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as calci i ; , EE 
ium, bicarbonate and magnesium are also reabsorbed in the thick ascending lo 
OD of 


henle. 
The thin segment of the ascending limb has much lower zea n 
. : nterstta Tubular Ubvlar 
reabsorptive Capacity than does the thick segment, and “a a Pry 
does not reabsorb significant amount of any solute. er e Mite 
An important component of solute reabsorption in the f 
Pe la <r 
Gra) rO 


thick ascending limb is Nat - KX ATPase pump in the «= 


epithelial cell basolalateral membranes. a 


In the thick ascending loop, movement of sodium across 
the luminal membrane is mediated by 1- Sodium, 2- 
Chloride, 1- Potassium co-transporter. 

The thick ascending limb of loop of henle is the site of 
action of the powerful loop diuretics furosemide, 


Loop diuretics 

* Furosemide 

* Ethacrynic aed 
* Bumetanide 


Mechanisms of sodium, chloride and potassix 


ethacrynic acid and bumetanide, all of which inhibit the transport in the thick ascending loop of Hae 


action of 1- sodium, 2-chloride, 1- potassium co-transporter. 


The thick ascending limb has a sodium-hydrogen counter transport mechanisum in it 
luminal cell membrane that mediates sodium reabsorption and hydrogen secretion in ths 


segment. 
The tubular fluid in the ascending limb becomes very dilute as 


it flows toward the distal tubule. 


Role of Distal Tubules: 
About 5% of the filtered load of sodium chloride is reabsorbed 


in the early distal tubule. 

The sodium chloride co-transporter moves sodium chloride 
form tubular lumen into the cell. The sodium-potassium 
ATPase pump transports sodium out of the cell across the 


basolateral membrane. 
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chloride diffuses out of the cell into the renal 
itial fluid through chloride channels in th 

e 
ral membrane. 


interst 


pasolate 
The thiazide diureties, which are used to treat 


hypertension and heart failure, inhibit the sodium- 
chloride co-transporter. 

Late distal tubule and cortical collecting tubule are 
composed of two types of cells, the principal cells 
and intercalated cells. 


Role of Principal cells: 

Principal cells reabsorb sodium and water from the 

lumen and secrete potassium ions into the lumen, 

which depend on Na’- K* ATPase pump in each cell 

basolateral membrane. 

Principal cells are the primary sites of action of 

sparing diuretics, including 
eplerenone, amiloride and 


potassium 
spironolactone, 
triamterene. 
Spironolactone and eplerenone are aldosterone 


antagonists. 
Amiloride and triamterene are direct sodium 


channel blockers. 


Role of Intercalated cells: 

Responsible for acid base regulation. 

There are type A and type B intercalated cells. 

Type A intercalated cells eliminate hydrogen ions 
while reabsorb bicarbonate ions in acidosis. These 
cells secrete hydrogen ions by a hydrogen ATPase 
transporter and a hydrogen potassium ATPase 


transporter. 

Type B intercalated cells secret 
the tubular lumen while reabsor 
alkalosis. These cells have hydroge 
transporters on opposite sides of the 
compared with type A cells. 


e bicarbonate ion into 
b hydrogen ions in 
n and bicarbonate 
cells membrane 
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Mech 
chanism of sodium chloride transport in the 
early distal tubule 


Reral 
intersttial Tubular Tubuar 
fluid Cell umen 
: (-50 mV) 
K'--=--> 
Na* 
Ke ATP, <æ- Na 
<------C 
Aldosterone antagonists Na* channel blockers 
+ Spironolactone + Amiloride 
+ Eplerenone + Triamterene 


Mechanism of sodium chloride reabsorption 
and potassium secretion in the principal cells 
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Role Medullary collecting duct: 
> It is permeable to urea and some reabsorption of urea occurs here and Cane. 
hyperosmotic renal medullary interstitium. "tribute, l 
> Reabsorb about 5% of the filtered water and 


ah 
sodium. Mediar 

Final site of the kidney tubule to influence body o 

electrolyte and fluid balance. 


8 
| xe 


Golmerulotubular balance: 6: Gav 
> It is the intrinsic ability of the tubules to increase EA ENG, 
their reabsorption rate in response to increased AOS 
f r 
tubular inflow. Transport characteristics Of the medultary 


collecting duct, 


e.g: If GFR increases from 125 ml/min to 150 


Y 


ml/min, the absolute rate of proximal tubular reabsorption also increases from about g 
ml/min (65% of GFR) to about 97.5 ml/min (65% of GFR). It shows that the total rate : 
reabsorption increases as the filtered load increases. 


Reabsorption rate: 
> The normal rate of peritubular capillary reabsorption is about 124 ml/min. 
> Reabsorption can be calculated as, 


Reabsorption = k; x Net reabsorptive force. 


» Net reabsorptive force represents the sum of hydrostatic and colloid osmotic forces that 
favor or oppose reabsorption across the peritubular capillaries. 


These forces include, 
Hydrostatic pressure inside the peritubular capillaries which Oppose reabsorption. 


Hydrostatic pressure in the renal interstitium which favors reabsorption. 
Colloid osmotic pressure in the peritubular capillaries which favors reabsorption. 
Colloid osmotic pressure in the renal interstitium which opposes reabsorption. 


Aldosterone Escape: 
Small increase in glomerular filtration that follow increases in renal arterial pressure caus 


. , , P iuresis and 
large increase in sodium and water excretion in urine, called pressure natriuresis 
pressure diuresis respectively, and blood pressure becomes normal. 
> This return to normal blood pressure is called aldosterone escape. 


Aldosterone: 

Secreted by the zone glomerulosa cells of adrenal cortex. hydrogen 
An important regulator of sodium reabsortption and secretion of potassium and hy 
ions in the renal tubules. 
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cm by which aldosterone inc 
7 mechanis™ d ; ne increases sodium reabsornti 
is by stimulating the sodium-potassium ATPas rption and potassi 
n | ase pump on t assium secretio 
collecting tubu a asolaterial side of i 
: sane 
g> ! also increases the sodium permeability of the luminal oe 
i j al si 
E p A major renal tubular site of aldosterone action is on M de of the membrane 
e principal ¢ : 
| tubule. principal cells of cortical collecting 
| : 
: muli for aldosterone secretion: 
stim : salen ecretion: a, 
> The most important stimuli for aldosterone secretion > | \ 
| a re, — — on 
> increased extracellular potassium concentration Niri 
f > increased angiotensin II level. pian 
Ani 
Antidiuretic Hormone: 
- i 
> Secreted by posterior lobe of pituitary gland. An 
L Skiostarone secretion 
| > Increases water reabsorption. ‘ = 
Effects of aldosterone on blood Pressure 


Mechanism of action of ADH: 
> ADH binds to specifics V} receptors in late distal tubule, collecting tubules and collecting 
ducts, increases formation of CAMP and activating protein kinases. 


This stimulates the movement of an intracellular protein called aquaporin-2 to the luminal 


WwW 


side of cell membranes. 
p-2 cluster together and fuse with cell membrane by exocytosis to 


diffusion of water through the cells. 
he molecules of AQP-2 are shuttled back to the cell 
minal membrane and reducing water 


> The molecules of AQ 
from water channels that permit rapid 
When concentration of ADH decreases t 


cytoplasm removing the water channels from lu 


permeability. 


Increased blood 
pressure in night avum 


\ a 


Atrial Natriuretic peptide: 

> When specific cells of the cardiac atria are 
stretched b/c of plasma volume expansion and 
increased atrial blood pressure, they secrete 4 


peptide called ANP. 
> ANP inhibits the reabsorption of sodium and Ñ, Ieseased Mar 
water by the renal tubules. ANH section evened waet 
> ANP also inhibits renin secretion and therefore ey | decreased EP. 
angiotensin II formation, which in turn reduces 
renal tubular reabsorption. Effects of ANP on Blood pressure 
7 Thi ; tion 
e T pran return blood volume back toward normal. 


increases urinary excretion, which helps 
naano 25 — 
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Effects of parathyroid hormone: 
Increases tubular reabsorption of calcium. 
Inhibit reabsorption of phosphate, 

> Stimulate magnesium reabsorption in the loop of henle. 


Sympathetic activity increases sodium reabsorption: 

> Activation of sympathetic nervous system decrease sodium and 
constricting the renal arterioles, thereby reducing the GFR. 

> Also increases renin release and angiotensin II formation which increase reab 
decrease renal excretion of sodium. i. an 


Diabetes insipidus: 

Kidneys excrete large amount of dilute urine. 

Permeability of the distal tubules and collecting ducts to water is low. 
> Dueto absence of ADH. 


Y YV 


Clearance rate: 
> It is the volume of plasma that is completely cleared of the substance by the kidneys x 
unit time. a 
> There is no single volume of plasma that is completely cleared of the substance, ren 
clearance provides a useful way of quantifying the excretory function of the kidneys, 
> Mathematically, C; x Ps = U; x V 
So, Cs =U; xV / Ps 
Thus renal clearance of a substance is calculated from the urinary excretion rate (Us xV) 
that substance divided by its plasma concentration. l 
In the above equation, 
Cs = clearance rate of a substance 
Ps = plasma concentration of the substance 
Us = urine concentration of the substance 


V = urine flow rate 


Inulin clearance can be used to estimate GFR: 

> If a substance is freely filtered and is not reabsorbed or secreted by the renal tubules, t 
the rate at which that substance is excreted in urine (Us x V) is equal to the filtration ratè 
the substance by the kidneys (GFR x Ps). 

> Thus, GFRxPs=UsxV 

The GFR can be calculated as the clearance of the substance as, 

GFR = Us x V/Ps = Cs 

> Inulin is a polysaccharide having molecular weight of about 5200, not produced in the 

> — Inulin must be administered intravenously to a patient to measure GFR. 

Radioactive iothalamate and creatinine are also used clinically to measure GFR. 
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estimating GFF f 

p 1 GER clinically 

clearance ratio: á 

clearance ration = Cs / Ç inulin 

Renal plood flow: 

renal blood flow= RPF/1- Hematocrit 


Excretion rate: 


excretion rate = US xV 


sed to estimate RPF: 


PAH clearance can beu 
o 
ut 90% cleared from the plasma, therefore the clearance of 


ra-aminohippuric acid is abo 
timate renal plasma flow. 


letely cleared from the plasma, the clearance 


Pa 
PAH can be used to es 


If a substance is comp 


rate of that substance is 


equal to the total RPF. 
In other words, the amount of the substance delivered to the kidneys in blood (RPF xPs) 
would be equal to the amount excreted in the urine (Us x V). 
Thus RPF can calculated as, RPF = Us x V/Ps = Cs 
Total renal plasma flow is 650 ml/min. 
Filtration fraction: 
Filtration rate can be calculated as , 
FF = GFR / RPF 

= 125/650 

= 0.19 or 0.2 or 20% 
Reabsorption rate: 
Reabsorption rate = Filtered load - Excretion rate 

= (GFR* Ps) ~ (Us * v). 
Secretion rate: 
Secretion rate = Exertion rate - Filtered load. 
with clearances of other solutes: 
arance of 


Comparison of inulin clearance i 
f a substance with cle 


These results can be extract by comparin 


inulin, 
ge 27 ———— 
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clearance rate of the substance equals that of inulin, 


if the 


and not reabsorbed or secreted. 
> ıf the clearance rate of a substance is less than inulin clearance, the substance — > 
been reabsorbed by the nephron tubules. . 
> If the clearance rate of a substance is greater than that of inulin, the substance ~ 
P 


secreted by the nephron tubules. 


Clearance rate ml/min 


| Substance 


| Glucose 
| Sodium 


Potassium 12 


Phosphate 
Inulin 
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ne concentration and dilution: 


Uri elie ak 
emains isosmotic in proxim 


- fluid r | tub i 
rubular flute . al tubule, with Osmolari 
arity of the tubular fluid flowing through the descending a of ae mOsrn/L. 
p of henle incre 


osmo! 
permeable to water. 


it is highly ases b/c 
> Tubular fluid is diluted in the ascending loop of henle, this portion of tubul 
sable i i f ar segment is 
impermeable to water, Even In the presence of large amounts of ADH, d tae 
osmolarity to about 100 mOsm/L. , GEETEasINg 1S 


Tubular fluid ìn distal and collecting tubules is further diluted in the absence of ADH 
decreasing its Osmolarity to as low as 50 mOsm/L. i 
The maximal urine concentrating ability of human kidney is 1200 mOsm/L 
Normal human produces 600 mOsm/L of solute as waste product per a 


Obligatory urine volume: 

> Itis the minimal volume of urine that must be excreted per day, to eliminate waste product 
from the body. 

> Itis obtained by dividing the daily osmolar excretion by the maximum urine Osmolarity. 
therefore, 600 /1200 = 0.5 L/day 

> So obligatory urine volume is 0.5L or 500ml. 


Urine Specific gravity: 

It is a measure of the weight of solutes in a given volume of urine. 

It is determined by the number and size of the solute molecules. 

it is used in clinical to provide a rapid estimate of urine solute concentration. 


In most cases urine specific gravity increases linearly with increasing urine Osmolarity. 
Urine specific gravity is expressed in gram/mL. 


Inhuman it ranges from 1.002 to 1.028 g/mL. 
cific gravity, but most laboratories measure 


| 
| 
f 
i 
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Dipsticks measure approximate urine spe 
specific gravity with a refractometer. 


Requirements for excreting concentrated urine: 
> The basic requirements for excreting concentrated urine are, 
> High level of ADH, which increases the permeability of the distal tubules and collecting 


ducts to water. 


> High Osmolarity of the renal medullary interstitial fluid, which provides the osmotic 


gradient necessary for water reabsorption. 


Osmolarity of the renal medullary interstitium: 

It is normally hyperosmotic having Osmolarity of about 1200 - 1400 mOsm/L. 
This hyperosmolarity is generated by counter current multiplier system eel 
This hyperosmolarity is maintained by counter current exchange 'n vasa recta. 
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Counter current multiplier System: 
The repetiti > rash. , j 
petitive reabsorption of sodium chloride by the thick ascendi 


continued ir ; 

nued in flow of new sodium chloride from the proximal tubule į 

& ; ial Int 

called counter current multiplier mechanism. ° the log 


The sodium chloride reabsorbed from the ascending loop of henle k 


°ncentration i 
interstitium. m the Medyy 
ar 
! 


newly arrived sodium chloride thus multiplying its ¢ 


Counter current Exchange in vasa recta: 

Blood enters and leaves the medulla by way of the vasa recta at the boundary Of th 

and renal medulla. © corte, 
The vasa recta are highly permeable to solutes in the blood, except for plasma Protein 

As blood descends into the medulla toward papillae, it becomes progressively a 
concentrated, partly by solute entry from intersititum and partly by loss of water into is 
interstituim. : 
By the time the blood reaches the tips of vasa recta, it has a concentration of about 120) 
mOsm/L, same as that of the medullary interstitium. 

As blood ascends back toward the cortex, it becomes Progressively less concentrated y 
solute diffuse back out into the medullary interstitium and water moves into the Vasa recta, 
Although large amounts of fluid and solute are exchanged across the vasa recta, there i 
little net dilution of the concentration of the interstitial fluid at each level of the renal 
medulla b/c of U- shape of vasa recta capillaries, which act as counter current exchangers, 
Thus the vasa recta do not create the medullary hyper-Osmolarity, but prevent it from 


being dissipated, 


Recycling of urea contributes to hyperosmotic renal medullary 
interstitium: 

When there is water deficit and blood concentration of ADH is high, large amounts of ure? 
are passively reabsorbed from the inner medullary ducts into interstitium by specific ures 
transporters, UT - A; and UT - Az. 

Urea contributes 40-50% of Osmolarity of renal medullary interstitium. : 
The concentration of urea continues to rise as the tubular fluid flows into the thin os 
of the loop of henle partly b/c of water reabsorption out of descending loop of henle a 
also b/c some secretion of urea into the thin loop of henle from medullary interstitium i 
urea transporter UT - A;. l lect 
This urea then passes upward through the ascending loop of henle, the cortical colle 
tubule and back down into the medullary collecting duct again. ever? 
In this way, urea can recirculate through these terminal parts of tubular system $ 
times before it is excreted. tic ren 
This urea recirculation provides an additional mechanism for forming a hyperosmo 
medulla. 
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osmolar clearance; 


« the volume of plasma cleared of solutes e 


I 
It ach minute. 


rhe total clearance of solutes from the 


blood can be expressed 
be calculated in the same way as the clear , 
= ~ © 


as the osmolar clearance. 


it can 
a gi [A 
ance of a single substance is calculated, 


re Ua Pees 
inthe above equation, 
U... = urine osmolarity 


y = urine flow rate 


> Pan = plasma osmolarity 
Free-water clearance (CH20): 
„ Itis the difference b/w water excretion (urine flow rate) and osmolar clearance. 
So, Cu20 =V- Cur 
=V = (UV Pic 
+ Thus the rate of free water clearance represents the rate at which solute free water is 
excreted by the kidneys. 
» When free water clearance is positive, excess water is excreted by the kidneys. 
> When free water clearance is negative, excess solutes are removed from the blood by the 


kidneys and water is conserved. 


When urine Osmolarity is greater than plasma Osmolarity, free water clearance is negative, 
indicating water conservation. 
When urine Osmolarity is less than plasma Osmolarity, free water clear 


indicating that water is removed from the plasma by the kidneys. 


ance is positive, 


Central diabetes insipidus: 
> An inability of ADH to release from posterior pituitary. 
> Can be caused by head injuries, infection or it can be congenital. 
> B/cthe distal tubular segments cannot reabsorb water in the absence of ADH, results in the 


formation of large volume of dilute urine. 


Treatment: 


> Administration of a synthetic analogue of ADH, desmopressin which acts selectively on Vz 


receptors to increase water permeability in late distal and collecting tubules. 

_ Nephrogenic diabetes insipidus: 

* An inability of the kidneys to respond to ADH. 

” Nephrogenic diabetes insipidus can be distinguished from central diabetes insipidus by 
Wi administration of desmopressin, the synthetic analogue of ADH. 
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aicium and Phosphate CH# 06 


jation of potassium concentration: 
pagr “dosterone, B-adrenergic stimulation and alkalosis cause h 
suli fi mellitus, Addison's disease, B-adrenergic blockade, acidosis, cell lys; 
exercise and increased eaves ular tuld Osmolarity cause hyperkalemia, YSIS, strenuous 
the normal rate of pollen filtration by the glomerular capillaries is about 756 me 
(GFR, 180 L/day multiplied by plasma potassium concentration 4,2 mEq/L). g/day, 
ercalated cells reabsorb potassium while type B intercalated cells and principal 


ypokalemia, 


In 
piabet 


Type A int 
cells secrete potassium. 


t can alter potassium distribution 


Factors that shift K' into cells Factors that shift k' out of cells 
insulin | Diabetes mellitus 
Faidosterone — Aldosterone deficiency 

p-adrenergic stimulation B-adrenergic blockade 


Calcium concentration: 
Normal extracellular fluid calcium ion concentration is 2.4 mEa/L. 


Hypocalcaemia cause excitability of nerve and muscle cells. 
Hypercalcemia depresses neuromuscular excitability. 
About 50% of calcium in the plasma exists in the ionized form, which has biological activity 
at cells membranes. 

The remainder is either bound to the plasma proteins (40%) or complexed in the non- 
ionized form with anions such as phosphate and citrate (10%). 

Changes in plasma hydrogen ion concentration can influence the degree of calcium binding 
to plasma proteins with acidosis less calcium is bound to the plasma proteins. 

With alkalosis greater amount of calcium is bound to plasma protein, there for patients 


with alkalosis are more susceptible to hypocalcemic teary. 
The usual rate of dietary calcium intake is about 1000 mg/day, with about 900 mg/day 


calcium excreted in feces. 


Regulation of calcium concentration: 
Parathyroid hormone maintains blood calcium level. 
About 60% of the plasma calcium can be filtered at the glomerulus. About 65% of the 
filtered calcium is absorbed in proximal tubule, 25 to 30% is reabsorbed in the loop of henle 
and 4 to 9% is reabsorbed in the distal and collecting tubules. 

Most of the calcium reabsorption in the proximal tubule occurs through the paracellular 
path way, it is dissolved in water and carried with reabsorbed fluid as it flow b/w cells. Only 
about 20% of proximal tubular calcium reabsorption occurs through the transcellular 


Pathway., 
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thick ascending 
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orption in the 
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of calcium reabs 
ssive diffusion 


About 50% 


r 
through paracellular route by pas! 
path way, 4 process that is stimulated by PTH. ; 
x P A P wo or . 
> Inthe distal tubule calcium reabsorption occurs by active transP 
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m Excretion: 
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e bold pressure 
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e Excretion: 


phosphat 
the filtered phosp 


75 to 80% of 


Regulation of renal 

al tubule reabsorbs hate. 
bsorbs about 10%. 
filtered phosphate 
reabsorption OC 
e reabsorption and more 


ximum for phosphate b 
te is lost in the urine. 


Proxim 
Distal tubule rea 
About 10% of the 
In proximal tubule phosphate 
PTH decreases tubular phosphat 


PTH decreases the transport ma 


proportion of the tubular phospha 


ine. 
h the transcellular pathway. 


phosphate is excreted. 
y the renal tubules, So a grez 


is excreted in the ur 
curs throug 


nal magnesium Excretion: 


Plasma magnesium concentration is about 1.8 mEq/L. 
Normal daily intake of magnesium is about 300 mg/day. 


reabsorbs about 25% of filtered magnesium. 
s the loop of henle w 


Regulation of Re 


Proximal tubule 
here about 658 


The primary site of magnesium reabsorption i 


filtered magnesium is reabsorbed. 
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sy. $0 its regulation is necessary 


ms in the body: 


suffer syste 
buffer systems in the body, 


l 


mere are three 
ate buffer system 


gica! bon 
phosphate buffer system 
n buffer system 


yody fluids: 


prote! 
Normal pH oftl 


it is the most 
The PK of the bicarbonate bu 
plasma PH of 7.4 the ratio of bic 
Phosphate buffer system: 


id buffer. 
| tubular fluid and intracellular fluids. 


y Ata “/ H,COs3) is 20:1. 


itis not important extracellular flu 
ffering rena 
tem has a PK of 6.8. 

hate buffer system 
and HPO% is 4:1. 

s low, only about 8% 


> Itplays a major role in bu 
> The phosphate buffer sys 


The main elements of the phosp 
7.4 the ratio of HPO; 
lar fluid i 


are HPO; and HPO; . 


> Ata plasma PH of 
of concentration of the 


> Its concentration in extracellu 
bicarbonate buffer. 

iii. Protein buffer system: 

> Plasma proteins play a limited role in 
play an important role in the total bu 

l Isohydric Principle: 

> All buffers in a common solutio 


extracellular buffer system while intracellular proteins 


ffer response of the body. 


m with the same H’ concentration. 


change in H’ conc tration in the extracellular fluid. The 
t the same time. This phenomenon is called the 


p 


n are in equilibriu 
The 
herefore, whenever there is a en 


alance 
one SE eld systems changes 4 


Se 
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the renal tubules: 
e He Secretion and HCO, va 


ar fluid volume Increase in extracellul 
Increase in partial pressure of CO, Decrease in partial pressure of CO, 
Increase Angiotensin II Decrease Angiotensin II 


Extracellular factors that increase 


or decrease H’ secretion and HCO, reas 
‘Absop 

t 
iny 


Decreas 
Decrease H' and increase HCO, 
ar fluid Volume 


absome i 


Increase Aldosterone Decrease Aldosterone 
Hypokalemia Hyperkalemia 


V 


Vv 


Respiratory Acidosis: 


It results from decrease ventilation and increase partial pressure of CO,. 


Causes:- 
Conditions that cause respiratory acidosis are, 


Asthma 
Emphysema 
Pneumonia 


Cardiac arrest 
Administration of respiratory depressant toxic drugs. e.g: Morphine 


Compensatory Mechanism:- 
Increase in renal bicarbonate reabsorption. 


Respiratory Alkalosis:- 
It results from increased ventilation and decreased Partial pressure of CO). 


Causes:- 
Conditions that cause respiratory alkalosis are, 


Hyperventilation (Anxiety, fever) 
Hot baths 

High altitudes 

Working at high temperature 
Salicylate poisoning. 


Compensatory mechanism:- 
Decrease in renal bicarbonate reabsorption 


Metabolic Acidosis:- 
It results from decreased extracellular fluid bicarbonate (HCO; 


It refers to all other types of acidosis besides those caused by 


`) concentration: pot” 
excess CO; inthe 
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causes” 


a an ditions 
co" 


that cause metabolic acidosis are- 


se mellitus 
niabetes me 


ce aneutic administration of HCL 
The! ¢? 
gena! failure 
ene 
cevere diarrhea 
compensatory Mechanism:- 
yyperventilation which decreases partial pressure of CO, 
Metabolic Alkalosis:- 
it results from increased extracellular fluid bicarbonate (HCO; ) concentration 


Causes: 
Conditions that cause metabolic alkalosis are, 


Admini 
excess aldosterone 

Vomiting of Gastric Contents 
ingestion of Alkaline drugs. 


stration of diuretics 


Compensatory Mechanism:- 
Hypoventilation which increases partial pressure of CO, and increases renal HCO; 


excretion, which helps compensate for the initial rise in extracellular fluid HCO; 


concentration. 


Anion Gap:- 

Itis the difference between unmeasured anions and unmeasured cations. 
Itis estimated as: 

Anion gap= [Nat] - [HCOs] - [cl] 


=144-24-108=12 mEq/L. 


The normal value of plasma anion gap is 12 mEq/L and ranges between 8 and 16 mEq/L. 

It is used in the diagnosis of different causes of metabolic acidosis. 

The anion gap will increase if unmeasured anions rise or if unmeasured cations fall. 

The most important unmeasured cations include calcium, magnesium and potassium, and 
s are albumin, phosphate, sulfate and other organic anions. 
concentration is reduced. If plasma sodium 


anions either chloride or an unmeasured 


the major unmeasured anion 
In metabolic acidosis, plasma HCOs 
concentration in unchanged, the concentration of 


anion must increase to maintain electro neutrality. 
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Hvper-chloremic metabolic acidosis or normal anion gap ACidosig:. 
” If plasma chloride ion increases in proportion to the fall in plasma HCO, | the 
remain normal. This is called hyper-cholremic metabolic acidosis or Normal ta 


acidosis. 


Metabolic acidosis with increased anion gap:- 
” Ifthe decrease in plasma HCO; is not accompanied by increased Chloride ion, th 
be increased levels of unmeasured anions to replace HCO;. This is called Metaboli i, 
IC ae, 


with increased anion gap. 


Metabolic acidosis associated with normal & increased plasma anion 
fa 


Normal Anion Gap 
Diarrhea 

Pancreatitis 

Intestinal fistula 

Renal tubular Acidosis 
Acetazolamide 


Increased Anion Gap 
Diabetic ketoacidosis 


Methanol toxicity 
Alcoholic ketoacidosis 
Paracetamol toxicity 
Lactic acidosis 

Ethylene glycol poisoning 
Salicylate toxicity 
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uses of piuretics:- 


e extracellular fluid volume especi 
, diseases 


ro redu 
» associated with ederna 2 
a 


l 
pypertension 


"e 


rypes of diuretics:- 


Loop Diuretics:- 

Furosemide, Ethacrynic acid and bumetanide are loop diuretics th 

reabsorption in the thick ascending limb of the loop of henle by ene "m active 
ing t e 1-sodium, 2- 


chloride, 1-potassium co-transporter located in the lumi 
uminal membrane of i i 
the epithelial 


cells. 


f 
osmotic diuretics:- 

> Mannitol is osmotic diuretic that inhibit water and solute reabsorption by increasin 
| osmolarity of tubular fluid mainly in proximal tubules. g 


Thiazide diuretics:- 
Thiazide diuretics such as chlorothiazide inhibit Na*- CI co-transport in luminal membrane 


of early distal tubules. 
Note: Thiazide diuretics are the only diuretics that cause hypercalcemia. 


Carbonic anhydrase inhibitor: 
| > Carbonic anhydrase inhibitors such as acetazolamide inhibit H* secretion & HCO; 


| reabsorption, which reduces Na* reabsorption in proximal tubules. A disadvantage of the 
| carbonic anhydrase inhibitors is that they cause some degree of acidosis because of 


excessive loss of HCO; in the urine. 


Potassium sparing diuretics:- 
> Aldosterone antagonists or mineralocorticoid receptor antagonists such as spironolactone 


and eplerenone_ inhibit action of aldosterone on tubular receptor, decrease Na’ 
reabsorption and K* secretion in collecting tubules. Aldosterone antagonists are potassium 


sparing diuretics. 
> Sodium channel blockers such as tri 
decrease K’ secretion in collecting tubules. So 


amterene & amiloride decrease Na’ reabsorption and 
dium channel blockers are also potassium 


Sparing diuretics. 


| Acute kidney injury:- 
” Also called acute renal failure. 


* An abrupt loss of kidney function occu 
unction. 


rs within a few days. 


May recover nearly normal kidney f 
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> When an initial insult to the kidney leads 


Causes of acute kidney injury:- 


> p sal acute kidney injury resulting from decreased blood supply to the ki 
rene i ’ . ens - 
7 ji prenal acute kidney injury resulting from abnormalities Within the Neys 
a ntir. t k ’ b fy 
luding those that affect the blood vessels, glomeruli or tubules. Shey 
Wie , 


> Post-renal acute kidney injury resulting from obstruction of the Urinary Caller 
anywhere from the calyces to the outflow from the bladder. “ting 
Oliguria: 

> Oliguria refers to diminished urine output. 
Anuria: 


>» Anuria is complete cessation of urine output. 


Glomerulonephritis:- 
~ A type of intra-renal acute kidney injury results from an abnormal immune tea 
è l0n,, 
damages the glomeruli, 


Causes: 

~ Caused by certain types of group A beta streptococci infection. 

~ It is not the infection that damages the kidneys. Instead the antibodies anq antigen, 
with each other to form an insoluble immune complex that becomes entrapped y, 


glomeruli, 


Symptoms: 

~ Many of the glomeruli become blocked by this inflammatory reaction, 

zo Those not blocked become excessively permeable, allowing both protein and redt: 
cells to leak into urine, 


Chronic kidney disease:- 

> There is progressive lass of function of more and more nephrons that gradually dec: 
overall kidney function and persist for at least three months. 

> Irreversible loss of large number of functioning nephrons occurs. 


Causes: 


> Occur b/c of disorders of the blood vessels, 
urinary tract. 


. è of and! 
glomeruli, tubules, renal interstitium 


End-stage renal disease:- K 

l idney ” 

to progressive deterioration of ‘ te 

and further loss of nephrons to the point where the person must receive dial W 
‘sian | 

or undergo transplantation with a functional kidney to survive. This condition . 


stage renal disease, j 
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ritis: 


eloneph 
thal injury caused by bacterial infection 


Py 
renal interstl 


It's 


rhe infection can result from different types of bacteria but especially f 
fecal contamination of the urinary tract. y from E- coli that 


originale from 


jsosthenuria:: 
itis the inability of the kidney to concentrate or dilute urine 
it develops when 6796 of nephrons become non-functional. 


y excretion and excretion per nephron in kidney 


75% loss of Nephrons 


500,000 


Total kidne 


diseases: oe 


| Number of Nephrons a 
| Total GER (ml/min) 
| single Nephron GER (ml/min) 


| volume excreted for all nephrons 


(ml/min) 


Volume excre 


Uremia:- 


it is a condition of having high levels of urea in the blood. 


Azotemia:- 
It is a condition characterized by abnormall 
such as urea, uric acid, creatinine and various body waste compounds in the blood. 


y high levels of nitrogen containing compounds 
Fanconi’s syndrome:- 

Generalized reabsorptive defect of the ren 
Associated with increased urinary excretio 


al tubules. 


n of amino acids, Glucose and Phosphate. 


Barters syndrome:- 

Rare autosomal recessive disorder. 

Caused by impaired function of the 1-Sodiu 
Results in increased excretion of water, sodium, € 
Also leads to hypokalemia and metabolic alkalosis. 


m, 2-Cholride, 1-Potassium co-transporter. 


hloride and potassium. 


Promi transporter in 


Autosomal recessive disorder of the thiazid 
the distal tubules. 


Results in decreased sodium chloride reabsorption in the distal tubules. p 
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e sensitive sodium-chloride co 


y Diseases 


Diuretics and Kidne 


I iddle’s syndron 
autosomal dominant disorder resulting from various mutations in the amiloride 
=~ Sep 


"a 
. 
“se 


epithelial sodium channel in the distal and collecting tubules. ” 
~ These mutations cause excessive activity of the epithelial sodiurn channel 
increased reabsorption of sodium and water. 
7 Have decreased level of aldosterone as a result of sodium retention and co 
decrease in renin secretion and angiotensin II levels which in turn decre 


S, resulting 


Mpensay, 
, ase adren 

secretion of Aldosterone. h 
* Treated with diuretic amiloride, which blocks the excessive sodium channel activity 


Dialysis:- 
> A procedure used to remove waste products and excess fluid from the blood when 


kidneys stop working properly. 


Dialyzer: 
> A machine used during dialysis. 
In dialyzer thin membrane of cellophane is used. 
> Total blood in artificial kidney at any one time is less than 500 ml and the total diffusie 
surface area is between 0.6 & 2.5 square meters. 
In dialyzer anticoagulant heparin is used. 
There is no phosphate, urate, urea, sulfate or creatinine in the dialyzing fluid. 
Most artificial kidneys can clear urea from the plasma at a rate of 100 to 225 ml/min, wh) 
urea clearance of both normal kidney is 70 ml/min. 
The artificial kidney is used for only 4 to 6 hours per day, three times a week. 


v 


Vein 


Blood Pump 
am =o’) 
— Dialysis 
Membrane : 


Direction of 
flow of blood 


Direction 
of flow of 
dialysate 


Bubble 
Trap 


f Compressed t T t 


Air and Carbon Fresh Constant Used 
Dioxide Dialysate on Dialysate 
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Mechanism of neurot ‘ansmitter release from presynaptic aghe i 
| ne 

The presynaptic membrane contains large numbers of voltage gated calcium chan Is of? 
| l , ne 

When an action potential depolarizer the presynaptic membrane, calcium chan 


a 


vous system: 
nization of the nervous sy n 
G than 100 billion Neurons 


) 7 
tig tral nervous system contains more 
The centre ` 

than 99% of all sensory information is Siscarded by the brair 

M Ore ¢ i 
reve when important Sensory infe 

unimportant. However, wh f ‘ 4 Ory inf FMA Cg OFC ite the " 


mmediately channeled into proper inteprative and motor topita of th r 
i Ain 

desired responses. This channeling and processing of information is callag ts N 
"OS the " 


rte 


function of the neurons system. Yy 


Synapse:- 
The synapse is the junction point from one neuron to the next. 
Synapses determine the directions that the neurons signals will Spread through th 

> IE fan 


é 


system. 
The storage of information is the process we call memory, and this too is 3 function 
he 


synapses. 


Types of synapses:- 
There are two types of synapses, 


Chemical Synapses:- 
At a chemical synapse an action potential triggers the Presynaptic neuron tO eles 


neurotransmitters. 
These molecules bind to receptors on the Postsynaptic neuron and make it more or g 


likely to fire an action potential. 
In chemical synapses synaptic cleft is 200-300A°. 
Chemical synapses always transmit the signals in one direction. 
The neuron that secretes the neurotransmitter is called Presynaptic neuron. 
The neuron on which the transmitter acts is called postsynaptic neuron. 
The equality of neurotransmitter release from terminal into synaptic cleft is directly relate 
to the number of calcium ions that enter the presynaptic terminal. 


Electrical Synapses:- 


It is an electrically conductive junction between two cells formed by arrays of gap junc: 


channels, 
Electrical synapses have intercellular gap of 20-40A°. 
Electrical synapses transmit signals in bi-direction. 


and calcium ions enter into presynaptic terminal, je 
i r > , K tic € r 
Calcium ions entry cause release of neurotransmitter from terminal into synap 


Neurotransmitter then act on postsynaptic membrane. | 
PTT Page 43 n 


Scanned with CamScanner 


presynaple tel minal:- 
, presynaptic terminal has two inte 


ory function of the synapse, the tr 


rnal s 


The 


»cicleEs c aT Siclec 
smitter vesicles contain the ney o? 

The tra! rotransmitte 
ar th 


Jeft, eithe! excites or inhibits the postsyn 
cleft, 


tructure 


; 5 imp 
ANSMitte Por 


| ant to the excit 
and the mitochondria, 


atory or 


, aptic neuron, 
t excites the postsynaptic neuron if the neuronal 


inhibits the neuron if the membrane contains inhibitory 

o f : ; , recept =" 
The mitochondria provide ATP which in turn supplies th Ptors, 
nsmitter substance, © energy for synthesizing new 


tra 
Types of neurotransmitter Receptors:- 


Inotropic receptors:- 
Neurotransmitter receptors that directly gate ion cha 
nnels are called inotropi 
ropic receptors. 


Metabotropic Receptors:- 


Those receptors that act through second messenger systems are called meta 


botropic 
receptors. 
G-Protein:- 
G-Protein is trimeric molecule consists of a, ee ee 
B and y components. >) prem am l 
Alpha (a) component is the activator portion 
of the G-Protein because GTP binds to alpha 18 l mn A j Monee 
component. ey | 2 
e 

Inactivation of the G-Protein occurs when W, | bonny 

i j 3 chvates one or Pape vad are tp 
the GTP bound to the a-subunit is Daa) [er t X ( 
hydrolyzed to GDP. g we Naia 


chenveal achvators structural changes 
Mechanism of second messenger system 


Neurotransmitters:- 
Gamma-Amino Butyric Acid (GABA) is inhi 
Glycine is inhibiting neurotransmitter in the spinal corey acetyl coenzyme A and 
Acetylcholine is synthesized in the presynaptic ere hai In the synaptic cleft 
Choline in the presence of the Enzyme choline pee ie enzyme cholinesterase, 
acetylcholine is rapidly split again to acetate and ae A of the synaptic cleft. 
Which is present in the proteoglycan reticulum that he # niian neurotransmiter 
Acetylcholine and norepinephrine both act as saan? oa substance P act as excitatory 
Glutamate, Aspartate, nitric oxide, carbon mono-oxlae < 


Neurotransmitters. 
Dopamine, glycine, GABA and serotonin act 


bitory neurotransmitter in the brain. 


itters. 
, otransmitte 
inhi tory neur 
as inhibi 


Ra DPY pu 
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TE a molecules, rapidly acting transmitters:- 


Y 


v 


Norepinephrine Glutamate 
Epinephrine Aspartate 


In most cases, the small molecule types of tran sMmitters are Synthesizer in the 


Oey 


presynaptic terminals and are absorbed by means of active transport into th + 
le t j 
Wà 


vesicles 

Nitric oxide is an exception; it is not preformed and stored in vesicles in the 
terminal as are other transmitters. Instead it is synthesized almost inst l 
then defuses out of the presynaptic terminals over a period of seconds rather dy 
released in vesicular packets. r than be 
In the postsynaptic neuron, It usually does not greatly alter the membrane pot 
instead changes intracellular metabolic functions that modify neuronal itin 
seconds, minutes or even longer. ability 


Neuropeptides:- 

Neuropeptides are not synthesized in the cytosol of the presynaptic terminals. 
Instead, they are synthesized as integral parts of large protein Molecules by ribosom. 
the neuronal cell body. 

Once released the vesicle is autolyzed and is not reused, because of this much sii 
quantities of neuropeptides are usually released. 

The neuropeptides are more potent than small molecule transmitter and often Cause p, 


more prolonged actions. 


Class Ill: Amino Acids 
Acetylcholine GABA 
Class Il: The Amines Glycine 


Dopamine Class IV: 
Nitric oxide 


Neuropeptides, slowly acting Transmitters: 


2 nfi E o e ° nè 
Concentration differences of ions across the neuronal somal membr? 


-Laracellular ua 


Paoa ar 
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i rnst potential: 
Cr. : 
N t sntial that exactly opposes Movement of an ion 
A po t 


< a membrane is called Nernst potential for that (= Oerdrte 
acros ‘ 


jon n e s 
srnst potential of an ion there is no net flow of tse uznet u 
j mE 


at Ne f 
that particular ion from one side of the membrane to «sme.» owe 
a i es Pd Aarm 
the other sid cr wm f ii +e 
` 8 mEgL 
Nernst potential can be represented as, ne Pump . 
i T 1” Sa 
Ason hiera 


concentration insid 
al (mv) = + 61xlog [ = 


] inal 


concentratoin outside io 
Distribution of Sodium Potassium and chloride 


wemnst potenti 
ions across the neuronal somal membrane 

> Nernst potential for sodium is + 61 millivolts. 
> Nernst potential for potassium is -86 millivolts. 


> Nernst potential for chloride ion is -70 millivolts. 


Generation of action potential in the initial segment of axon:- 
> Action potential does not begin adjacent of excitatory synapse, instead it begins in the 
initial segment of axon because the membrane of the initial segment of the axon leaving 
the neuron has seven times as great a concentration of voltage-gated sodium channels as 
does the soma, and therefore can generate an action potential with much greater ease 


than can the soma. 


Note: 


al of soma of spinal motor neuron is about -65 millivolts whereas 


> Resting membrane potenti 
al in large peripheral nerve fibre and in skeletal muscle fibre is - 


resting membrane potenti 
90 millivolts 


EPSP and IPSP:- 


r An increase in positive voltage above the normal resting membrane potential that is to a 
less negative value is called excitatory post synaptic potential, whereas an increase in 
negativity beyond the normal resting membrane potential is called an inhibitory 


postsynaptic potential. 
7 Excitatory postsynaptic potential and inhibitory 
15 milliseconds. 


post synaptic potential dies away is about 


Presynantic inhibiti 
naptic inhibition:- | 
mitters from axon terminals. 


It refers to mechanisms that suppress release of neurotrans ae j 
y receptors at transm! f 


It j : ee 
t Involves binding of chemical messengers to inhibitor 
‘Hes on the axon, 


ee = “nwa Ah 


Cc. 
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Organization of t 


Spatial Summation: 


» Th ffect of summing aneous postsynaptic potentials by activating Muh 
i e effect ol s 3 > 


simult 
al membrane is called spatial summation 


d areas of neuron 


terminals on widely space 
ber of parallel fibers. 


> itis obtained by using increasing NUM 


Temporal summation:- l ca apie, 
arges from a single synaptic terminal, if they occur rapidly Enough ,. 
on is called temporal summation. jä 


this type of summati l 
y of nerve impulses in each fiber. 


> The successive disch 


add to one another, 
It is obtained by increasing the frequenc 


Electronic conduction in dendrites:- 


| current by ion conduction in the fluids of the dendre. 


> It means direct spread of electrica 
but without generation of action potentials. . i 
The decrease in membrane potential as it spreads electronically along dendrites toward th. 
soma is called decremental conduction. 


The farther the excitatory synapse is from the soma O 
er will be the excitatory signal reaching the soma. 


Yy 


f the neuron, the greater will be 4. 


Vv 


decrement and the less 


Fatigue of synaptic transmission:- 
ry synapses are repetitively stimulated at a rapid rate, the number ș 


> When excitato 
discharges by the postsynaptic neuron is at first very great, but the firing rate becom: 


progressively less in succeeding milliseconds or seconds. This phenomenon is called fatig.: 


of synaptic transmission. 
The mechanism of fatigue is mainly exhaustion or partial exhaustion of the stores ¢ 


transmitter substance in the presynaptic terminals. 
The development of fatigue is a protective mechanism against excess neuronal activity 


because when areas of the nervous system become overexcited, fatigue causes them t 


lose this excess excitability after a while. 


Effect of alkalosis on synaptic transmission:- 


Alkalosis greatly increases neuronal excitability. 
For example, a rise in arterial blood pH from the 7.4 normal to 7.8 often causes cere?" 


epileptic seizures because of increased excitability of cerebral neurons. 


Effect of acidosis of synaptic transmission:- 
Acidosis greatly depresses neuronal activity. 
For example a fall in pH from 7.4 to below 7.0 usually causes a comatose state. 


| Effect of drugs on synaptic transmission:- 
7 Caffeine, theophylline and theobromine which are found in coffee, tea and o 
rës : : , nation" 
pectively all increase neuronal excitability by reducing the threshold for excitat”? 


neurons, 
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crease excitability of neurons by inhibiting the action of sorne normalt 
; : jotted ‘i Yy 
ansmitter substances, especially the inhibitory effect of glycine in the spinal 


cprychhnine in 
anipitory 
cord. i . 

anesthetics increase the neuronal membrane threshold for excitation and thereby 


Most 


ease synaptic transmission at many points in the nervous system. 


decr 
synaptic Delay:- 
she minimal period © 
, neuronal signal from presyn 


„bers of excitatory synapses ar 
econds. 


f time required for all the events to take place, during transmission of 
aptic neuron to a post synaptic neuron, even when large 
e stimulated simultaneously is called synaptic delay. 


nun 
Synaptic delay is about 0.5 millis 
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Receptors: 
It isan organ or cell able to respond to light, heat or other external: sti 
4 r à Mulya 

I 


signal to a sensory nerve. 5 adt 
z Each type of receptor is highly sensitive to one type of stimulus for Which į oy 
yet is almost non responsive to other types of sensory stimuli, tis ‘ig, 
ay 
Types of Sensory Receptors:- terastan, 
AOA © Meg 
> There are five basic types of sensory receptors, Ca (a 
me Ta % 
Burnete “W 
Mechanoreceptors: r a 
> Detect mechanical compression or stretching of the Pe of 
ISSUES. Nig 
liora fi. 
Thermo-receptors: mm. aa 
Ee geen TN oy, te, 
ry Detect change in temperature. en: ie 
h Í $ Y eas 
Nociceptors or pain receptors: Goig wrain “STi hae ag 
> Detect physical or chemical damage occurring in tissues. i p~ ana 
tet 
z Sor SO KIS Of th 
Electromagnetic receptors: Omatosensory axis of the nen, 
> Detect light on the retina of the eye. 
Chemoreceptors: 
> Detect taste in the mouth, smell in the nose and osmolarity of the body fluids. 


Modality of sensation:- 
Each of the principal types of sensation that we can experience-pain, touch, sight, sxs 


and so forth is called a modality of sensation. 
The “labeled line” principal:- 
The specificity of nerve fibers for transmitting only one modality of sensation is called? 


labeled line principal. 


Receptor potentials: 


All sensory receptors have one feature in common, whatever the type of stimulus © 
excites the receptor, its immediate effect is to change the membrane electrical potent? 
the receptor. This change in potential is called a receptor potential. 

7 The maximum amplitude of most sensory receptor potentials is about 100 millivolts: 

7 The relation between stimulus intensity and the receptors potentials is that the ue 
of receptor potential increases rapidly at first and then progressively less rapidly # 


stimulus strength. 
Lemme Pape 49 4 
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ss sensory stimulus is appliec rece espon n 
pplied, the receptor responds at a higt | 
a high impulse rate 
, r i 


when ‘ n OSS > 
and then at a progres ively slower rate until finally the r 
ery few oF often to none at all. ate of action potentials 


ces to V 
very rapidly i 
, hair receptors adapt within a second and muscle 


j rea 
à „uscle adapts 
adapt slowly. 

pain receptors probably never adapt completely 


apting receptors:- 
ing receptors continue to transmit impulses to the brain as long as th 
as the 


r many 


e the 5 
r even days, they a 


g receptors can continue to transmit information fo 


gecaus 
hours © re called tonic receptors. 
example: 

and Golgi tendon Apparatus, 


muscle spindles 
apparatus, pain receptors, baroreceptors of the 


carotid and aortic bodies. 


receptors of the macula in vestibular 
arterial tree and chemoreceptors of the 


Rapidly Adapting receptors:- 
adapt rapidly cannot be use use they 
nly when the stimulus strength changes. 


d rate receptors, movement re 


Receptors that d to transmit a continuous signal beca 


are stimulated © 


se receptors are calle ceptors oF phasic 


Therefore the 


receptor. 
Example: Pacinian Corpuscles 


Range of diameter and velocitie 
eter of nerve fibers is bet 
locities is between 


s of nerve fibers:- 
ween 0.5 and 20 micrometers. 


The range of diam 
0.5 and 120 m/s. 


> The range of conducting VE 


| General Classification of nerve fibers: 

| 

| Large a motors neurons of skeletal muscle (Extrafusal = 

| to muscle spindle) 

Touch, Pressure ves. 

y-motor neurons to muscle Spindles (Intrafusal Fibres) Ree 

Touch, pressure, temperature, fast pain yes 

Preganglionic autonomic nerves es 

Ne 
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Sensory Receptors 


Numerical classification of sensory fibers;:- 


Numerical Diameter liber Type Lyarmnple 


classification 


Secondary afferents of 

Spindle, touch & Pressure 

3m Aô Touch, Pressure, fast 
Temperature 


[052m [| Pain, Temperature 


Muscle 


pain, 


Divergence of signals passing through neuronal pools:- 
ry Itis important for weak signals entering a neuronal pool to excite far Breater p 
nerve fibers leaving the pool. This phenomenon is called divergence. 


Unite, 


Types of divergence:- 
> There are two types of divergence occur, 


Amplifying divergence: 
7 Input signal spreads to an increasing number of neurons as it passes through Succe 
orders of neurons in its path. 
> Itis characteristic of the corticospinal pathway in its control of skeletal muscles, 


Divergence into multiple tracts: 
7 In this case, the signal is transmitted in two directions from the pool. 


,onvergence of signals: 


means signals from multiple inputs uniting to excite a signal neuron. 


Reciprocal inhibition:- 


> It is characteristic for controlling all antagonistic Pairs of muscles. 


After-discharge:- 


7 A Signal entering a pool cause a prolonged output discharge called after discharge, $$ 
few milliseconds to as long as Many minutes after the incoming signal is over. 


Reverberatory circuit:- 
It is Caused by positive feedback within the n 
input of the same circuit. A facilitatory sig 
reverberation whereas an inhibitory signal d 


> ite 
euronal circuit that feeds back to ree 
nal enhances the intensity and frequè* 
epresses the reverberation. 


es Page 51 a an anacell 
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d Position Sensations 


CH# 03 


censes” 
„mat! sel a 
A sense’ collect °™ 
„sÊ ° 7 
me sense? include tactile 
260% 7 te 
qhes p side the special 
er Sh 


, position, pain and thermal senses 


nsory information from all over the body 


senses include vision, heari 
, ring, smell, taste 
and equilibri 
ium. 


y on? 
cation of somatic senses:- 
1455 i : 
cla a classified into three types. 
can ee 
y It . 
M „nanoreceptive senses: 
ech ; Nes 
it includes poth tactile ‘i Pas sensations. at rt 
: > 1s j e ou i H 4 
a actile senses inclu ch, pressure, Vibration el Hig tf 
»™ 7 | 
d tickle sens Re eet, war 
. „c include static osition and Serie owt 
qhe position senses p nd rate of [fete 
en il 
movement senses Bak 
. se 
y petect heat and cold. Cn 
Somatosensory cortex 


pain Senses: 


ctivated by factors that damage the tissues. 


y A 
Other classification of somatic sensations:- 
rxteroceptive sensations: 
y Those from the surface of the body. 
proprioceptive Sensations: 
he physical state of the body including position sensations, tendon and 
even sensation of 


y Those relating to t 
muscle sensations, the bottom of the feet and 


equilibrium which is often cons 


pressure sensation from 
idered a special sensation. 


Visceral Sensations: 
from internal organs. 


> Those from the viscera of the body, specifically sensation 
Deep Sensations: 
Those come from deep t 


issues such as from fasciae, muscles and bone. 


Y 


Tactile Receptors:- 


> There are six different types of tactile receptors, 


4 es nerve Endings:- 
ensitive to touch and pressure. 


Re T 
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Meissen’s Corpuscle:- 


> An elongated encapsulated nerve ending of a large (type AB) m 
Yelinat 
ed 


fiber. 
SNe 
> Particularly sensitive to touch and low frequency vibration ik 


> Present in the non-hairy parts of the skin such as finger and lips 
y Adapt ina fraction of a second after they are stimulated. 


Merkel’s discs:- 
» Present in fingertips and the hairy parts of the skin. 
ry Sensitive to touch. 
Differ from Meissener’s corpuscles in that they transmit an initial| 


adapting signal and then continuously a weaker signal that adapts inn but Din 
» Responsible for giving steady state signals that allow one to determine continy 

objects against the skin. OUS to, 
> Grouped together in a receptor organ called the Iggo dome receptors. 


> Group of Merkel disc is innervated by a single large myelinated nerve fiber (Type ap 


Hair End Organ:- 
> Each hair and its basal nerve fiber called the hair end-organ are also touch receptors 


> Adapts readily and detects mainly movement of objects on the surface of the body or 


contact with the body. 


Ruffini’s Endings:- 
7 Multibranched, encapsulated endings, adapt very slowly and are important for siga 


continuous states of deformation of the tissues. 
> Also found in joint capsules and signal the degree of joint rotation. 


Pacinain capsules:- 
> An encapsulated nerve ending acts as a receptor for pressure and vibration. 


7 Stimulated only by rapid local compression of the tissues. 
> Adapt rapidly. 


| Transmission of tactile signals in peripheral nerve fibers:- 
7 All specialized sensory receptors such as meissner’s corpuscles, Iggo dome recept? 
receptor, pacinian corpuscles and Ruffini’s endings transmit their signal in type" 
| fibers that have transmission velocity 30 to 70 m/sec 
F . . ' á 
> vee nerve endings tactile receptors transmit signals by way of the small type poe 
ibers that have velocity of 5 to 30 m/sec 
Some fre i f 
Ea a nerve endings transmit by way of type C fibers at velocity of 1-2 mS gg 
; Itch and slow type of pain sensation are transmitted by very small es 


Se 


r 
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ibrationi 


< are involved in detection of vibration of different frequencies r ne 
7 AOS fe A 


uscles getect vibrations from 30 to 800 cycles/sec and transmit their sianal 
sri : P UAL 
à „ve fibers which can transmit as many as 1000 impulses per second 

t 


from 2 - 80 cycles/sec stimulate meissner’s corpuscles 


„s for transmitting somatic signals into CNS:- 


ps signals from the somatic segments of the body enter the spinal cord through 
>? age roots of the spinal nerves. 
ai she entry point into the cord and then to the brain, the sensory signals are carried 
> Fro! sh one of the two sensory pathways. 
wee column- medial lemniscal system. 
ae tem. 
| the anterolateral sys 
the dorsal column-medial lemniscal system: ple 
pathway: ( 
, Nerve fibers entering the dorsal column of spinal cord pass y ~ = 
into the dorsal medulla, synapse in the dorsal column nuclei -i A 
(cuneate and gracile nuclei). meone l _. 
> From there second order neurons decussate to the opposite — A 
side of the brain stem and continue upward through the R 
medial lemnisci to the thalamus. Steet eee 
> Through the brain stem, each medial lemniscus is joined by 
additional fibers from the sensory nuclei of the trigeminal —— 
nerve, these fibers sub serve the same sensory functions for ker meat erg 
the head that the dorsal column fibers sub serve for the w g 
body. t A arae ae 
y Inthe thalamus the medial lemniscal fibers terminate in the 7 art 
thalamic sensory relay area called the ventrobasal complex. ae \ 
7 From the ventrobal complex, third order nerve fibers project > 


mainly to the postcentral gyrus of the cerebral cortex, which ih | 
is called somatic sensory area |. ae 


hese fibers also project to a smaller area in the lateral ao \ 


parie R . 
tal cortex called somatic sensory area Il. The dorsal column medial lemenisca! pathway 


Catacteristies: 

om 

Has han of large, myelinated fibers that transmit signals at velocities of 30 - 110 m/sec. 

i | . . . 
igh degree of spatial orientation of the nerve fibers with respect to their origin. 


Sensory <; 
ysi . i a Ge cata feed iath 
system, gnal that must be transmitted rapidly with spatial fidelity is transmitted in this 


o -- —————————— St 
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The tactile anc 


> Transmit discriminative touch, vibratory sensations, position sensation from the 
sensations that signal movement against the skin and pressure sensations, loing 
The medial lemnisci decussate in the medulla, the left side of the body is represent; 
right side of the thalamus and the right side of the body is represented in the left ih 
tf 


the thalamus. 
Decussation of fiber occurs in the medulla. 


At each synaptic stage divergence occurs. 


Lesion of the dorsal column-medial lemniscal pathway:- 
Lesion below the decussation point results in loss of vibration, discriminative touch 3 
nq 


proprioception on ipsilateral side of the body to the lesion. 
Lesion above the decussation point results in loss of vibration, discriminative touch and 


proprioception on contralateral side of the body to the lesion. 


Anterolateral system:- 


Pathway:- 
Spinal card anterolateral fibers originate in dorsal horn 


laminae l, IV, V & VI. 
> These laminae are present where dorsal root sensory 
fibers terminate after entering cord. |t 
> Anterolateral fibers cross in the anterior commissure of - / 
the cord to the opposite anterior and lateral white ' ; 
columns and turn upward toward the brain by way of g 


Mesenceonaion 


the anterior spinothalamic and lateral spinothalamic j 
tracts. ii 
> The signals are transmitted to the ventrobosal complex, j 
terminating in some of the same thalamic nuclei where aa 
the dorsal column tactile signals terminate. ctongn 
> From here, the signals are transmitted to the Dorset root 
| + gangon 


somatosensory cortex. 


Characteristics:- 

Composed of smaller myelinated fibers that transmit 

signals at velocity of 8 - 40 m/sec. 

> Has less spatial orientation, and the degree of spatial 
localization of signals is poor. Sensory signals which í 
does not need to be transmitted rapidly or with great à 
spatial fidelity is transmitted in anterolateral system. 

» The anterolateral system transmits a broad spectrum of Anterolateral pathway 
sensory modalities such as pain, warmth, cold, crude 


tactile sensations and sexual sensations. 
es Page 55 ——<— 
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4 OF urin the ante 
HOI COMM SSsure f 
o Spi 
nal ¢ 
Orc 


nus” 
» pante! olateral pathway:- 
BETI] 0 . 
yes! yf the anterolati ral pathway results in loss of 
ion À ` 4 WC ig pai 
i reral cide Of the body below the level of lesi ain, temperat 
; ata? OSION Ure and cr { 
(0 š » uc p to 
me “ar ve - touch (6) 
‘a sensory cortex:- h 
gol ” n > - : 
J slogical structural difference Br 
“sed on histé rence Brodmann diy; 
ye called grodman 5 areas. Vide cerebral c 
yeas M i al Cortex int 
i canals from all modalities of 050 disti 
ory SIB alities of sensation termi istinct 
) nediately posterior to the central sulcus called se rminate in the c b 
+ - to e acini (0) 
yal signals terminate In the occipital lobe, and addito rtex. cortex 
7 ry sign A 
obe. gnals terminate in the te 
spe portion of the cerebral cortex anterior to tl bide 
7 e. , e C 
posterior half of the frontal lobe is called the mot entral sulcus and constituti 
p E or co ‘ utin 
muscle contractions and body movements rtex and is devoted to c ae 
. > ontrol o 
cerebral cortex control contralateral side of the bod i 
, y. 


gome areas of the body are represented by large areas in tl 
ve somatic 
cortex-the li 
ps the 


greatest of all. 
, sizes of these areas are dir ; 
dene ; re directly proportional to the numb 
ceptors in each peripheral area of the body MEF Gl specialized sansun 
The head is represented in the most lateral portion of sensory cortex and th 
x and the lower part of 


the body is represented medially. 


, r (0) 


ȚY 


human i Í 
an cerebral cortex (in Brodman’s areas 3, 1&2). 


Lesion of somatosensory area l: 
Bilateral lesi 
e 
sion of somatosensory area | causes loss of the following ty 


judgment, 

deals unable to localize discretely the di 

The sani an he or she an ki these sensa 

The person ig ait to judge critical degrees of pressure a 

The person is y nen the weights of objects. 
‘tereopnosis. nable to judge shapes oF forms 0 


pes of sensory 


` 


fferent sensations in the different parts of 


x 


tions crudely. 
gainst the body. 
n is called 


f objects, this conditio 


X 


e Person i 
On is | 
unable to judge texture of materials. E p 
ain and temperature !S still pres 


preciation of p 
alized. 


X 


In Jac: 
Eston 
0 
f Somatosensory area |, ap 


hin qualit ; , ly loc 
y and intensity. However the sensations are poorly 
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yomatosensory area I: 
Somatosensory are: located in the pariet 


> a rO cortex 
Brodman’s areas 5 and 7 of the cerebral 


in deciphering deeper meanin | 
somatosensory area | play important roles in de appa P C OF the 


IO) 


“Pip 


of 
“Fe 


> 


information in the somatosensory areas. 
. iati 5. 
Also called somatosensory association area 


Amorphosynthesis: ad on ane side of the brain, then 


iati is remov 
When the somatosensory association area Is T eosi kenen E ber, 
loses the ability to recognize complex objects and comple PPOSite Os, 


aida functions as well 
The person also forgets to use the other side for motor func . 


When feeling objects tends to recognize only one side of the object and forgets othe, St 


This complex sensory deficit is called amorphosynthesis. 


Layers of somatosensory cortex: 


Cerebral cortex consists of six layers of neurons. 
At layer IV, the input sensory signals first enter the cortex and excites neuronal layer 


first, the signal then spreads toward the surface and deeper layers of cortex. 

Layers | and Il receive diffuse input signals from lower brain centers that facilitate specifi 
regions of the cortex, 

The neurons in layers II and III send axons to related portions of the cerebral cortex on th: 


opposite side of the brain through the corpus callosum. 
The neurons in layers V and VI send axons to the deeper parts of the nervous system. 


Two point discrimination: 

It is used to test tactile discrimination to determine a person so called “two point’ 
discrimination ability. 

In this test two needles are pressed lightly against the skin at the same time and the perso" 
determines whether one point or two points is/are felt. 

On the tips of fingers, a person can normally distinguish two Separate points even when tt 
needles are as close as 1 to 2 mm. 


Corticofugal signals: 
In aahon wo signals transmitted from the periphery to the brain, corticofugal signals èf 
transmitted in the backward direction from the cerebral cortex to the lower sensory re 
stations of the medulla, thalamus and Spinal cord 


These signals control the intensity of sensitivit 
These signals are entire 


oe y of the Sensory input. 
corticofugal slenai ihe inhibitory, when sensory input intensity becomes too great, the 
This principle j j matically decrease transmission in the relay nuclei. 

ple of corticofugal Sensory control is used by all Sensory systems. 
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d Position Sensations 


second and third order neurons. 


rsh” ay to consci . 
scending pathway ousness consists of these three order ney 
rons, 


w 


cpt order neuron: 
i gnal from the periphery to the spinal cord. 


ries Si i 
a ted in the dorsal root ganglion. 
Loca 


wv ww 


order neuron: 


| from the spinal cord to the thalamus. 


carries signa 
Located in the spinal cord. 


commonly decussate. 


Vvwvwv 


Third order neuron: 
carries signal from the thalamus to the primary sensory cortex. 


Located in the thalamus. 


Dermatome: | 
Each spinal nerve innervates a segmental field of the skin called dermatome. 
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> It as highly unpleasant physical sensation caused by illnoss Or ini 
—— Njury a 
nd 


individual to react to remove the pain stimulus. Cay. 
Ha 


Pain receptors: 
Pain receptors in the skin and other tissues are all free nerve endings 


These receptors adapt very little and sometimes not at all. It is important b/ 
Cit alt, 
am, y 


pain to keep the person apprised of a tissue damaging stimulus as long as it p 

ad Ersists. 
Hyperalgesia: 
Increase in sensitivity of the pain receptors is called hyperalgesia. 


Types of stimuli that excite pain receptors: 

>» There are three types of stimuli that elicit pain, mechanical, thermal and Chemica, .. 
stimuli. ii 

+ Chemicals that excite the chemical type of pain are bradykinin, serotonin, histamine „ 
potassium ions. 

+ Prostaglandins and substance p enhance the sensitivity of pain endings. 


Types of pain: 
There are two types of pain. 


Fast pain: 
Felt within about 0.1 sec after a pain stimulus is applied. 


Also called sharp pain, pricking pain, acute pain and electric pain. 

Felt when a needle is stuck into the skin, skin is cut with a knife, skin is acutely burned ən 
when the skin is subjected to electric shock. 

Not felt in most deep tissues of the body. 


Elicited by mechanical and thermal pain stimuli. 
It is transmitted to spinal cord by small type AS fibers at velocity of 6-30 m/sec. 


Localization is precise. 


Slow pain: 
Begins only 1 sec or more after a pain stimulus is applied and then increases slowly. 


Also called slow burning pain, aching pain, throbbing pain, nauseous and chronic pain. 
~ Associated with tissue damage. 

~ Occur both in skin and any deep tissue. 

~ Elicited by mechanical, thermal and chemical pain stimuli. 

~ Transmitted to spinal cord by type C fibers at velocity of 0.5-2 m/sec. 

r 


Localization is imprecise. 


Pathways for transmission of pain signals into CNS: hways © 
> All pain receptors are free nerve endings. These endings use two separate pe 
transmitting pain signals into the CNS. _ . 
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aland acute 


P therm 
ted in the: 


eo? type Ab 
phe fast reli the neurotransmitter substance secre 
e' 


fibe! endings- 


al pain, 


Pinal cord at the type Ab pai 
ain 


wily? inate maniy | ' 
pal „rs terminate mainly in lamina | (lamina PER 
> marginalis) of th 
e 


o second order neurons of the neospinothalamic tract dorsal horns. There 


fiber i i 
s that cross Immediately to the Opposite side of 


the anterior commi 
| cord through missure and then turn 
Upward, passing to th 
, e 


the spina 
nterolateral columns. 


nthe a 
fibers terminate in the reticular areas of the brain stem but 


| complex of the thalamus. The signals are then tr 
in as well as to somatosensory cortex, 


prain l 


A few 
the ventrobasa 


areas of the bra 


most pass all the way to 
ansmitted to other basal 


paleospinothalamic pathway for slow pain: 

much older system and transmits pain mainly from peripheral slow type C pain fibers, also 
it does transmit some signals from type Aé fibers as well. 

the type C pain fiber terminals entering the spinal cord release both glutamate and 
substance P transmitter. Glutamate is the neurotransmitter involved in transmitting fast 
pain into the CNS and substance P is concerned with slow chronic pain. 


Pathway: 
In this pathway the peripheral fibers terminate in the spinal cord in laminae II and III of the 


dorsal horns which together are called substantia gelatinosa. 

Most of the signals then pass through additional short fiber neurons within the dorsal horn 
before entering mainly lamina V. Here the last neurons in the series give rise to long axons 
that mostly join the fibers from the fast pain pathway, passing first through the anterior 
commissure to the opposite side of the cord, then upward to the brain in the anterolateral 


xN 


pathway., 


Removal of the somatic sensory cortex: EE 
” Complete removal of the somatic sensory areas of the cerebral cortex does not p 


pain perception. 


xy 


Ar ‘ 
°usal system of the brain: halamus constitute part of 
“cular area of the brainstem and intralaminar nuclei of the thala 


he bea: 
brain arousal system. 


Sur Ji i 
toe cal interruption of pain pathway: everal points 


0 Pro i , 
vide pain relief, the pain nervous pathways can 


X 
D se ceca 


be cut at any one of s 


Scanned with CamScanner 


thermal sensations 


The pain and 


low 


the. 
in. iy 


hA 


If the pain is tn the 


wv 


F È + wes the pa ; A SaS 
cord often relieve the spinal cord on the side opposite to the pain j 


"i -rdotomy 
To perform a cor interrupt the anterolateral sensory pathway, 


its anterolateral quadrant to 
in i inal cord: 
Analgesia system in the brain and spinal 
he s nae in varies. 
>» The degree to which a person reacts to pany ar 
> This variation partly results from a capability o 
ss input of pain signals to the nervous 


itself to suppre 
ain control system called an 


system by activating a p 
analgesia system. 
>» The analgesia system consist of three major components, 
i) The periaqueductal gray and periventricular areas 
of mesencephalon and upper pons. 
ii) The raphe magnus nucleus and the nucleus 
reticularis paragigantocellularis. 
iii) A pain inhibitory complex located in the dorsal 
horns of the spinal cord. 


Transmitter substances involved in the analgesia system 


are encephalin and serotonin. Second neuron in Pe 


anterolateral system 
projecting to the 
fhalamus 


Analgesia system of the brain and spinal cord 
Inhibition of pain transmission by tactile signals: 
Stimulation of large type AB sensory fibers from 
transmission of pain signals from the same area b/ 
> eg: Rubbing the skin near painful area. 


peripheral tactile receptors can depress 
c of local lateral inhibition in Spinal cord. 


Referred pain: 


Heart 
` . A aen 
7 When a person feels Pain in a part of the body that is f g as 
. t I ` XN 
fairly remote from the tissue causing the Pain. This i ~H 
phenomenon is called referred pain. AI S 
> It is i \ ee:e a 
i 'mportant b/c in many visceral ailments the only ANA Wi Lami 
clinical sign is referred pain. Í i F t i famn 
eta N a 
chanism of referred pain: SRO wan 
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ade the chest and shanties 


refer 
s$ 
\ 
yp pan 

ae kas 
Vise cain originating fom Infernal organi WITT tho thoad, abd 

xi » VOOM Ee 
n paly 
dl , have sensory tereptots forno otherimodallies OF sensation besid 

Wes pale, 


oma VERE 
vised types Of damage to (he viscera seldom canse seyvere palin. Fori 
A TOF Instance ; 
‘ a 


my OM ` ` K] ` a 
` t tii gut Į nti \\ iy (we in \ patit ni wh N 
vé st us | H J } can 


gegen” 
\ that causes diffuse stipulation OF palin nerve e 

ay stents ` { | verve endings throughout viscera 

ain that can be severe. egy choma of vieceral lice, 
ee arenchyma of liver and the alveoli of lungs are completely insensitive to pain 
"gy viscera pain that originates in the thoracic and abdominal cavities is transmitted 
mall type C pain fibers and therefore can transmit only the chronic aching type of 
9 


parietal pain: 

ie results fron eetation of the fibers that innervate the parietal wall. 

> pareta sensations are conducted directly into local spinal nerves, 

~ pese sensations are sharp and can be localized directly over the painful area. 
Herpes Zoster: 

. aio called shingles b/c ofa skin eruption. 

> Usually shows up on just one side of the body and does not cross the midline. 

> Caused by the reactivation of varicella zoster virus in a patient who has previously had 
chickenpox 

> This virus infects a dorsal roo ganglion which causes severe pain in the dermatomal 
segment sub served by the ganglion. 
Treatment: 

> Anthiral drugs such as acyclovir 
Tic douloureux or Trigeminal neuralgia: 


z condition in which the patient experience sudden attacks of excruciating pain in the 
ular or maxillary division with the ophthalmic division usually 


on of mandib 


“cause is a mechanoreceptive stimulus (e.g: pressure) rather than a pain stimulus. 


~ nal cord is transected on only one side, then brown sequard syndrome Occurs. 


~~ ne —————=— FP 
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coinothalamic 
eolurnns a yf spino halam tract The, 


ate te ’ of ahove tracts 


a ipei D 
be predicte tion in all segments below + 
of transect i laisan 


era : by spinothalamic pathway are lo 
r rold served 
| 3!) dermatomes two to six segments below, "Ti 
ng aj 
t column such as kinesthetic, position, vibration, dise 
tr; ; se on are lost on ipsilateral side of transect į On. 
` t point discrimin 
on side of transection b/c principle pathway for light Oyri 
yie ots touch imo reg oP 
touch which is poor! y loc alized still persist b/c of partial transmission in contratatan, 
| p 
nothalamic tract 


b 


Headache: 
A type of pain referred to the surface of the head from deep head structures 


- Brain tissues are insensitive to pain. 
Damaging the tentorium or stretching the dura and blood vessels of meninges can Cause 


headache. 
ain above tentorium cause referred pain to front half of the head 


a Pe 

-z Subtentorial pain cause occipital headache referred to the posterior part of the head 

7 Headache of meningitis cause extreme headache referred over the entire head. 
Removing as little as 20 ml of fluid from spinal canal causes intense Intracranial headache 


a 
Migraine headache: 
> A common form of headache, may be unilateral or bilateral, recurring at intervals an 
ociated with prodromal sensations such as nausea and visual disturbances 


associ 
The prodromal visual disturbances are due to sympathetic vasoconstriction of the cered? 


arteries supplying the visual cortex. 
headache is chiefly due to dilation and stretching of other cerebral arteries 3 


r The 
branches of the external carotid artery. 


7z It occurs about twice as frequently in women as in men. 
Treatment: 


7 P-blockers bring relief to “ome patients due to reduction in cerebral vasodilation 


Headache caused by eye disorders: 


7 A person having difficulty in focusing eyes clearl 


s to 
y may cause excessive i ich cat 
l 
* spasm in various facial and extraocular muscles W 


the eyes, can result in refle 


headache, 
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warmth signals are transl 
ye 
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`x 


`x 


` 


ceptor: 
pes of thermal receptors, 


yl! 
ht e three IV 


lors: 
pecel scialized rece s atte ' , 
cold n endings and specialized reci pears attached to type A6 and type Crerve tite 
„rature from about 10°C to 38°C. fibers, 


ee 
[i to tempt l 
a ansmitted at velocity of about 20 m/sec. 


sare t! 


\\ „mth ps 
p nerve en 


prë . 
pond to tempe! 


dings attached to type C nerve fibers. 
ature from about 30°C to 45°C. 
mitted at velocity of about 0.4 to 2 m/sec. 


nsitive pain receptors: 
treme degrees of heat and cold. 
ture below 10°C and above 45°C. 


thermose 
simulated by ex 


Respond to tempera 


Note: 
we have more cold receptors than warmth receptors. 


cold signals are transmitted about 10 times faster than warmth signals. 


ation of thermal receptors: 
receptors adapts moderately and to a great extent. 


Adapt 


Thermal 


Mechanism of stimulation of thermal receptors: 


These receptor are stimulated by changes in their metabolic rates. 
Changes in metabolic rates result from altering the intracellular chemical reactions by 


temperature. 
Not from direct physical effects of heat or cold on the nerve endings. 


Spatial summation of thermal sensations: 
umber of cold or warmth endings in any one surface area of the body is less. 
aie to judge gradations of temperature when small skin areas are stimulated. 
a large area is stimulated all at once, the thermal signals from the entire area 


‘ummate, 
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jon ol light rays: 

t 

ft as 5 ; i 

Re. pending of light as it passes from one transparent medium into another 

through a perpendicular interfa 

mt rays Pass *rtace, rays enter th i 

ght cal aah, Hartono’ e second medium 
rom their path. Its velocity decreases and wavelength becomes shorter 
hrough an angulated interface, the rays bend if refractive indices are 


yh 
lt 


ot 

if , joviating | 
yout 

"e ays pass t 


hgh! j 


tractive | 


Lens: , 
A piece of glass Or other transparent material with curved sides used for concentrating or 


dispersing light rays. 
spherical lenses: 
these are optical lenses with curved s 


The point from which these rays conv 
Types of spherical lenses: 
There are two types of spherical lenses, 


Re 


urfaces that cause light rays to converge or diverge. 
erge or appear to diverge is called focal point. 


Convex lens: 

it converge light rays. 

Concave lens: 

diverge light rays. 

Cylindrical lens: 

"sa lens which focuses light into a focal li 


would, 
Convex cylindrical lens bends light rays from the two sides of the lens but not from the top 


% bottom, that is bending occurs in one plane. Thus parallel light rays are bent to a focal 
ling. 
Con : . 
h eave cylindrical lens diverge light rays in only one plane in the 
Nive A A 
* cylindrical lens converge in one plane. 


ne instead of a focal point as a spherical lens 


same manner that 


Combination of cylindrical lenses: 


Iwo cylindrical lenses crossed at right angles to each other Perform F 


” 3 : °aMe f 
one spherical lens of the same refractive power, unet, 
> 


The vertical cylindrical lens converge the light rays that pass through the ty * 
í ~ 40 +; 
lens while the horizontal lens converge the top and bottom rays. Thus 


“ides Oy 
, all tha liop, "s 
come to a single focal point. ~ Hehe 


r 


Focal length: 
* The distance beyond a convex lens at which parallel light rays converge to a com 
pointis called focal length of the lens. On fo 
~ Itis ameasure of how strongly a system converges or diverge light rays. 
> Itis the inverse of the system optical power, 
z Positive focal length indicates convergence of light. 
ry Nepative focal length indicates divergence of light. 


~ Focal length formula as, 


1/focal length = 1/distance of point source + 1/distance of focal point 


Refractive power of a lens: 
* Diopter is the unit of measurement of magnifying or refractive Power of a lens. 
* Diopter is equal to the reciprocal of the focal length measured in meters. 
~ Numerically diopter is equal to one meter divided by the focal length in meters. 
- The more a lens bends light rays the greater is its refractive power. 
7 A Spherical lens that converge parallel light rays to a focal point of 1 meter has a refractive 
power of +1 diopter, 


For cylindrical lenses in addition to its Power the axis must be stated. If the focused line is 


Total refractive power = 59 doptes 


f r cj i e i al 
| Considering the eye as a single spherical refracting Image —' f- a 


Surface. 


* Cornea js ‘ 
represented as the Only source of A f r 


refractive power of the eye, Comes iy 


| Vitreous Lens — 
* Anterior focal length - 17.2 mm. pE idis "3 i 
g Posterior focal length - 22.6 mm. The eyeasa camer Thenimiesare ETS 
- Total Dioptric power - 59D 2/3" rovid 
by the cornea and 1/3" by lens. | —_ 
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tive retical studi 
ng basis for theoretic studies of the eye as an opticati 
o ical instrument 


ati eye: 
commodat os a : 
“the mechanism ial if rich the eye changes its refractive power b 
t> order tO focus objects at variable distances y altering the shape of 
tans in . 
anism of accommodation: 
Mec : or a is? i 
aefractive powe! of the lens is 20 diopters about 1/3" of the total refracti 
> i c i z ve power. 
importance of lens is that in response to nervous signal from brain it power 
is eased to provide accommodation. its curvature can be 
incre ‘ 
© ary muscle |S controlled by parasympatheti ; 
f me oe ympathetic nerve signals transmitted through 3” 
cranial nerve. 
-nn of parasympathetic nerves co a. 
> stimulation parasymp ntracts both sets of ciliary muscle fibers which 
| 


relaxes the lens ligaments thus allow the lens to become thicker and increase its refractive 


| power. 


Now the eye will focus on near objects. 


Formation of an image on the retina: 


| > Animage formed on the retina is upside down with respect to the original object. 


The two lateral sides of the image are reversed. 
However the mind perceives objects in the upright position. 


Presbyopia: 

Itis the loss of accommodation of the lens th 
Eyes can no longer accommodate for both near and far vision. 
at a constant distance. 


at occurs with aging. 


z Each eye remains focused permanently 


Correction: 
r Wearing bifocal glasses with upper segment focused for far seeing and lower segment 


focused for near seeing. 


Emmetropia: 
|” Itmeans normal vision or zero refractive error. 
” Images from distant objects are in sharp focus on the retina when the ciliary muscle is 


completely relaxed. 


Hyperopia: 

Sle as farsightedness. | 

Cause i will be clear but near objects will pe b 
n eye ball that is too short or a lens that is t 


lurry. 
oo weak. 


light 
lee behind the retina. 
Dace 47 DE 
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Correction: 


Using convex lenses, 


Myopia: 
Also known as nearsightedness, 


Near objects will be clear but distant objects will be blurry, 
Cause is an eyeball that is too long or a lens system that has too Much fo 

, f Cusj 
Light rays focuses in front of the retina. n Mice 


Myopic person has a far point for clear vision and cannot see anything that ; 
'S Furth 


from far point. 


Correction: 
Using concave lenses. 


Astigmatism: 
It is an imperfection in the curvature of cornea or lens. 
Results from too great curvature of the cornea or lens in one plane of the eye, 


Light rays will be refracted to multiple areas of the retina. 
Accommodative power of the eye can never compensate for astigmatism. 


Correction: 
Using cylindrical lenses. 


Keratoconus: 
In this condition the normally dome shaped cornea becomes thin and odd shaped bu: 


cornea. 
Vision will be blurry and distorted. 


Correction; 
Using contact lenses. 


Cataracts: 

It is the clouding of the normally clear lens of the eye. 

Cataract begins when proteins in eye denatures and coagulate to form cloudy ares: 
It develops slowly and interferes with Vision. 

Most common in older people. 


” 


Treatment: eat 
in plac 
Surgical removal of the lens and after Surgery an artificial lens is placed in P 
natural lens. 
Í 
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Ni 
surement . t 

Me ity is usually measured using a snellen eye chart 
al ab 

yisi nart consists of letters of different si i 

cnellen eye chart sizes placed at a distance of 20 feet. 

eon eve chart can measure how well you can see at a distance 

act . . e ' 

> an see all the letters that a normal individual can see at 20 feet 


f -0 20 vision C 
“/200 vision can see the letters at 20 feet that a normal individual can see at 200 feet 


pepth perception: | 
y is the ability to determine the distance of an object from the eye. 
_ the distance can be determined by three main ways, 
f sizes of images of known objects on the retina. 

i Motion parallax 


ii) Stereopsis 


stereopsis: 
it refers to the perception O 
of visual information deriving fr 


f depth and three dimentional structure obtained on the basis 
om two eyes by individuals with normally developed 


binocular vision. 


Ophthalmoscope: 


It is an instrument throug ook into a patient eye and see the retina 


h which a doctor can | 


clearly. 


Aqueous humor: 
z \tisthin, transparent water like fluid similar to plasma. 


> Itlies in front of the lens in the anterior and posterior chambers of the eye. 


Formation of aqueous humor: m esses 
-Itis formed as an active secretion by the epithelium see sie th 
- aces 
” Its secretion begins with active transport of sodium ton —_ 
Cells, 


” Rate of production is 2.5 L/min or 3.6 mL/day. 


sin e epithelial 


i r 
hen flows into the anterior chambe 
al angle into the 


ins that lead aa 


ia of aqueous humor: | 

throy st one it enters the posterior Te E 
tan n the pupil and is drained away through t 

~ schlemm, which is a venous sinus found ne 


ber. Itt 
aces at the iridocorne 


ar limbus. The small ve 


> 
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T Optics of vision 
J! from the canal of schlemm to the larger veins of the e 


are called aqueous veins. 


Ye contain Only a 


Functions of aqueous humor: 
It supports the wall of the eyeball by exerting internal pressure TM 
us 


> 
optical shape. Maint., 
> It nourishes the cornea and lens b/c cornea and lens do not possess 3 bloog 
SUDply, 
Intraocular pressure: 
> Itis the pressure of fluid inside the eye. 
> Normal intraocular pressure is 15 mmHg, with a range of 12-18 mmHg. 


> It is measured clinically by using tanometer. 
Glaucoma: 


> Results from increased resistance to fluid outflow through trabecular Spaces into canal: 


schlemm. 

> Most common cause of blindness b/c high IOP damage the Optic nerve, 
Treatment: 

> B-blockers and carbonic anhydrase inhibitors decrease aqueous humor formation a: 
reduce IOP. 


rostaglandins and miotics facilitate drainage of aqueous humor and reduce IOP. 
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q sensitive portion of the eye and send sign 


6 ods and cones. 


of retina: 


nted layer 


5 of re 
igmented layer 
et ch rods and cones projecting to the 


tina from outside to inside are, 


Distal 


ent 
s" dezt layer containing cell bodies of 
rn 


ae cones 
plexiform layer 


Ou uter 


ganglionic cell la 
Layer of optic 


Prosmal 


nner nuclear layer 
m layer 
nner plexifor Layers of retr 


yer 
nerve fibers 


inner limiting membrane 


Note: 


finally reaches the layer of rods and cones. 


fovea centralis of the retina: 
itisa depression in the center of the retina. 


About 0.3 mm in diameter. 
Composed entirely of cones. 
Specialized for maximum visual acuity. 


Rods: 


Photoreceptors of rod shape 

More in number 

inthe periphery of the retina 

segments are outer segment, inner segment, 
lucleus, synaptic body 


o 
S segment contain rhodopsin pigment made up 


Ro n 
a 
'€ More sensitive and less adaptable 


S 
vision during dim light or night 
Ptgive color vision, responsible for black and white vision 


i 


f rhod 


4 


Outer 
Segment 


Inner 
Segment 


Synaptic 
Ending 


OPsin in the rods may cause night blindness “i 
Sinica page 71 mm F 


al to the brain, 


Varea a 
Bpow pathway —s"_ 
a hmasnna a Were puthway 
mi an ver ador ope 


on \9 Amaria cali 
E . 
FLATT 


Inner theater 
on 


Gangen cow 
To optic nerve ONO Cal myer 


Pratum oor 
N‘ } tas 
~ inne wntieg 


DIRECTION GF LIGHT menan 
we 


Layers of the retina 


Light enters the retina from inside of the eye, i.e it passes first through ganglionic layer and 


Discs 
Outer 
Segment 
Connecting 
Cilium 
H Mitochondria Inner 
Segment 
Nucleus 
Axon 
___ Synaptic 
Ending 
Rod Cone 
the rods and cones. 


Functional parts of 
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(ones 

= PPNEAKEPtors of cone shape 

* Lessin number 

» found inthe center of the retina 

» Major segments are outer segment, inner segment, nucleus, Synaptic iss 

+> Outer segment contain iodopsin pigment 1 

» Cones are less sensitive (about 30 to 300 times less SENSitive than 
adaptable rods te 


® Provide vision during day or bright light 
> Provide color vision which is of three types: red, blue and green 
> Lack of iodopsin in the cones May Cause color blindness 


Retinal pigmented layer: 
> Nebdtitaihgteer Bightedtlmelatin which Prevents light reflectj 
> In its absence light would be reflected in all directions in t 
lighting of the retina, 
> It also stores large quantity of vitamin A. 


On in the eyeball, 
he eyeball and Causa a 


Albinism: 
= Coddgignitantack of melanin pigmentation. 


~ Due to defect an enzyme tyrosinase which is involved in the Production of Melanin, 
> Having light skin and hair and are Sensitive to light. 


Blood supply of the retina: 
> RlecshsBloual supp Kor theiaternal layers of the retina is derived from the central re 


Outermost layers of the retina depend on diffusion from the choroid blood vessels. 


Retinal detachment: 


IR tétiiallddety fèra tH 


èlñeural retina detaches from the pigment epithelium. 


epithelium. 


Contracture of fine collagenous fibrils in the vitreous humor which pull areas of a 
toward the interior of the globe. 


Symptoms: 
Blake toflight 
~ Blurred Vision 


(il 
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ere a ae elem 5 mass -e 
s.. tee we 


n 
A trans 
y4 


„topsin. The immediate product is bathorhodopsin aiii ae, 
bination of all-trans retinal (namn A) 


T i ypsi 
gh 
ve DY nent 
gt athe protein scotopsin and the carotenoid pigment 11- cis retinal, 
ser segment of the rod about 40% 
ae rion of rhodopsin: 
f p ss! 
adergoes a cyclic decomposition and pm 
win und - 
po” HSA IN response to light. $ ogam ad tir Benger | 
anstitu's i 
0 als on rhodopsin, it begins to decompose. | _— re ay | 
mon IEM "s r > | marap 
“M - amie decomposition is photo-activation of | bam | 
aust om : | yi i 
CG ia the retinal portion of rhodopsin. ae vaderen: | 
sectrons ; i | nsee) 
-né retinal changes into all-trans form. | s | 
storm O! . 7 A Verret 6) wer 
p’? active sites of all-trans retinal no longer fits with < Mae ~ | 
| y THe reć LAE = : A t 
| „ne reactive sites On protein scotopsin. P i 
, retinal begins to pull away from the TP p n Wwomeraee a parser | 


which is partially split com 


The rhodopsin retinal visual cycle in the rod 


iopsin decays in nanoseconds to 


gathorhodop 


ymirhodopsin. 
, The lumirhodopsin decays in microseconds to metarhodopsin l. 


rhe metarhodopsin | decays in milliseconds to metarhodopsin I! and finally in s 


Q 


econds into 


scotopsin and all-trans retinal. 
> Metarhodopsin II also called active form of rhodopsin excites chemical changes in the rods 


and the rods then transmit the visual image into CNS. 
Reformation of rhodopsin: 

ition of rhodopsin: a 

This requires energy aid is 


+ Fest step is to convert all-trans retinal into 11-cis retinal. 


catalyzed by the enzyme retinal isomerase. 
* The 11-cis retinal automatically recombines with sco 


4 
‘ight blindness: 


ught blindness: 
” Aso called nyctalopi 
yctalopia. e in dim light or at night. 


“S$ condition characterized by an abnormal inability to se 


Ca x 
ed by vitamin A deficiency. 
atment 


topsin to reform rhodopsin. 


ty atme nt 


? \ 


‘lam 
INA supplements. 
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The rod receptor potential: 
The rod receptor potential is hyperpolarizing, not | 
a 


depolarizing 
When rhodopsin decomposes, it decreases the rod 


a "Trem ~~ 
membrane conductance for sodium ions in the outer a jp E 
sati , > AN 
segment of the rod. This causes hyperpolarization of \ ite, — A 5 
| a 
the entire rod membrane. i 7-a as 
* inthe outer segment of the rod, the rod membrane y a 
‘ : : : hat fl i n y es 
in the dark state is leaky to sodium ions that ow Song 
through CGMP gated channels. Phototransdution in the one 


» During light the CGMP gated sodium channels are 
closed and reduces inward sodium current. 
When the rod is not excited electronegativity inside the membrane of th 


f l i l : ; es e rod iş -4 n 
while at maximum light intensity the membrane potential is -70 my. ' 
Mechanism by which rhodopsin decomposition decreases sodium Conductance. 

~ When light is absorbed by the rhodopsin, the activated rhodopsin Stimulates 3 tina 
called transducing present in the membrane of the discs and cell membrane of the hi 
which then activates CGMP phosphodiesterase, an enzyme that catalyzes the breakdown y 
CGMP to 5’-CGMP. 

7 The reduction in CGMP closes the CGMP gated sodium channels and reduces the inward 
sodium current. 

~ Within about a second rhodopsin kinase an enzyme present in the rod inactivates the 


activated rhodopsin. 


Duration of receptor potential of the rod: 
The receptor potential that occurs in the rods reaches a peak in about 0.3 sec and lasts for 


v 


v 


All chemical events of vision occur about four times as rapidly in cones as in rods. 


Logarithmic relation of receptor potential to 
light intensity: 

7 The receptor potential is approximately Proportional 
to the logarithmic of light intensity., 


Photochemistry of color vision by the 
cones: 


Light absorption 
percent of maximum) 


( 


7 The color se sitive pigment of the Cones js iodopsin 
7 Itis combination of retinal and Photopsin | 


* There are three types of color Pigments in cones 


blue, green and red sensitive pigments. nament otte? 


> Each cone has only one of tt 


Light absorption by the M 
and by the pigments © 


1€ three types of color 
1 Page 74 —$ $$ 
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y wa 
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< of 445, 535 and 570 ng 
of », 935 and 570 nanomete orbenci 
ences at 


505 


rs respective 


: tation: 
nst , > retina O ; 
vist“ apility of the re f the eye to adjust to various levels of light 


rype™: 
ight adaptation: a . 100.06 
erson remains in bright light for long time 
7 ancentration of photochemicals reduced and sensitivity 7 
c : ; ; Š, 
; the eye tO light is also reduced, this is called light £ 
0 3 
adaptation: : 
park adaptation: 
_ if a person remains in dark light for long time w e o 
r Š z s] 25 N i 
concentration of photochemicals increases and sensitivity — 
J the eye to light is also increased, this is called dark Dark Adaption of cone and rod 
adaptation. 
interpretation of color by the nervous system: 
> The human eye and brain together translate light into color. 


A monochromatic orange light with a wavelength of 580 nm stimulates the red cones to a 


stimulus value of about 99 (99% of the peak stimulation at optimum wavelength), the 


green cones to a value of 42 and the blue cones are not stimulated. This set of ratios- 


99:42:0 is interpreted by the nervous system as orange. 
h a wavelength of 450 nm gives a stimulated set of ratios- 


> Amonochromatic blue light wit 
ted by the nervous 


0:0:97 for red, green and blue cones respectively which are interpre 
system as blue. 

> Aset of ratios - 83:83:0 are interpreted as yellow. 

r Aset of ratios - 31:67:36 are interpreted as green. 

r About equal stimulation of all the red, green and blue cones giv 


white, 


es one the sensation of 


Red - Green color blindness: 

Itis a genetic disorder that occurs exclusively in males. 

Genes in the female X chromosome code for the respective cones. 

Color blindness never occurs in female b/c at least one of the two X chromosome 


Colo normal gene for each type of cone. 
r blindness is passed from mother to son and the 


Aboy 
t8% of all women are color blindness carriers. 
ii Page 75 NS eee 
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Protanope: 


ee 


Protanape 
> A person with loss of red cones is called a protanope. f er, erry 
> This person has a shortened visual spectrum at the long go Ss a f; 
wavelength end. s “fe Singhs Shek ò 
Deutranope: em PE ¥ wd, 
n é. ar ae 0 gl v 
A A ay 


utranope 


is called a ern Sey ahs, 


> A person with loss of green cones oNe 

4° et e : S ,, 

deuteranope. See. Tel ay hs 

e *_@ > ‘se % 

> This person has a normal visual spectral width. $ è, PAF £ oO 8: 
D Een aS 


Color Test charts: 


Color Test charts: 


i mining color blindness is Y 9.05%5 
> A rapid method for deter g ogi Satie. 
BPD FR RN 


<. 


based on the use of spot charts. 
These charts are arranged with a confusion of spots of 


> 
different colors. 
> In one chart, a person with normal color vision reads 
“74” whereas a red-green color blind person reads 
“21”. 
> In another chart, a person with normal color vision 
reads “42” whereas a red color blind person reads “2” 
R ugn 
Re ee e os cre 
Neural function of the retina: 
> The different neuronal cell types are, 
The photoreceptors - the rods and cones: 
The photoreceptors - the rods and cones: Pigment kiyór —— 
> Transmit signals to the outer plexiform layer where 6 G K snas +} 
they synapse with bipolar cells and horizontal cells. j ii s 1 
10rizontal cells: | el Doi | 
The horizontal cells: } y P m j E 
> Transmit signals horizontally in the outer plexiform ` T. a ) 
Teper and cones to bipolar cells. ple Be W4 
The bipolar cells: ‘a ee 
> Transmit signals vertically from the rods and cones J a i 
n gangtion cells and amacrine cells. Neural organization of the retina 


he amacrine cells: 
The amacrine cells: 
Transmit si i i i i 
signals in two directions, either directly from bipolar cells to ganglion i 


horizontally within the j ; 
he ganglion e inner plexiform layer. 


Fhe ganglion cells: 


> Transmit out i 
put signals from the retina through the optic nerve into the brain. 


ee 
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visual pat" 


ti r nj tout peuronsdrvdirect rod visual pathway: 


jausamrenectttrograde direction from th 
Lal 


rs „These cells provide feedb mang 


ack from inner re 


r plexi 
plexiform layer to the 
tina to Outer re l 


Outer 


tina, 
| P | ivi Vv. 
j qantas. fibers that conduct cone Visual si 
i sj 
| signals and the signals are conducted . gnal 


irons in direct cone visual pathway: 


yil us 
; K 
S are larger than those that 


5 ; 
the brain 2 to 5 times as rapidly. 


cones 
ar cells 


gipol 
ells 


Ganglion c 
atal cells transmit inhibitory signals laterally in the outer plexiform | 
ayer. 


$ cells transmit inhibitory signals laterally in the inner plexiform lay 
er. 


iV: 


Rods 
Bipolar cells 
Amacrine cells 


Ganglion cells 
| and amacrine cells provide lateral connectivity. 


yeurotransmit 


ter released by the retinal neurons: 


LCi 


verosta conesifetease plutamatey the retinal neurons: 


Different types of amacrine c 
iycine, all of which normally fu 
The transmitters of bipolar, horizo 


Transmission of signals 


Feconiynedtinabne aronsgthatl erdnshiitevisaal sighalscby means ofa 


2 
A 
r 


2nglion cells. 


ll other retinal neurons con 
‘nthe rods and cones even conduction from their outer segments to t 


ells secrete different types of neurotransmitter. e.g: GABA and 


nction as inhibitory neuroyransmitters. 
ntal and interplexiform cells are unknown. 


in the retinal neurons: 
ction potentials are the 


conduction. 


duct their visual signals by electrotonic 
he synaptic bodies is 


Y electrotonic conduction. 


lateral inhibition of visual signal: 


tésnhahed tinitrasf.visual signal: 
ti , , 
the function of horizontal and amacrine cells. 


Gar il; i 
r jia cells and optic nerve fibers: 
T eii ina abbaalit mitlioncn éUirantssand 3 million cones. 


€ nu ATE 
Mber of ganglion cells is only about 1.6 million. 


~~ 
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About 60 rods and 2 cones converge on each ganglion cell, 
Ganglion cells transmit signals by means of action potentials. 
anglion cell to the brain, So opt; 
ic en, 


> 


a 


The optic nerve fiber leading from the g 


Yy 


fibers of ganglion cells. " 
Pa 


Parvocellular ang Magnocellular cells: 
These are two general classes of retinal ganglion cells 


Y 


Parvocellular cells (P cells): 
Also known as beta cells or in the central retina as midget ganglion cells 


Project to the parvocellular layer of lateral geniculate nucleus of the thalam 
Us, 


> 
> 

> Receptive fields are much smaller. 

> Its axons conduct impulses slowly. 

> Its responses to stimuli can be sustained. 
> 


Sensitive to color stimuli. 


Magnocellular cells (M cells): 

Also known as alpha cells or parasol cells. 

Project to the magnocellular layer of lateral geniculate nucleus of the thalamus. 
> Receptive fields are larger. 

> Its axons conduct impulses rapidly. 

Its responses are more transient. 

Not sensitive to color stimuli. 

More sensitive to black and white stimuli. 


Melanopsin: 
A type of photopigment present in sub retinal ganglion cells. 


Plays an important role in circadian rhythms. 
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yslOlogy Of vision 


hway’ 


! ` H à 

is! 5 «| nals leave the me F 

; sual ‘iad tinas through the 
aeie" 

. pti chiasm the optic nerve fibers from ty 
, opt i n the 
palve‘ of the retinas cross to the opposite 

» 
where they JOIN the fibers from opposit 
Ite 


orm the optic tracts 


„į retinas tof 
í a of each optic tract synapse in the dorsal 
sa 


y 


ne 
Gh’ 
Iai! 


geniculate nucleus of the thalamus and form 


sai geniculocalcarine fibers pass by way of optic it y 


> 3 
P ation tc the Visual pathway 


primary visual cortex in the calcarine 


sal area of the medial occipital lobe. 

yisual fibers also pass to other several areas of the brain 

„om optic tracts to suprachiasmatic nucleus of Baaai o 

into the pretectal nuclei in the midbrain to activate pupillary ee circadian rhythms. 

into the superior colliculus, to control rapid directional movements koa 

into the ventral lateral geniculate nucleus of the thalamus to cate panel ol 
aviora 


functions of the body. 


porsal lateral geniculate nucleus: 
eT information from optic tract to the visual cortex by way of the optic 
The signals from the two eyes are ke 
This nucleus is composed of six nuclear layers. 

Layers ii, iii and v receive signals from the lateral half of the ipsilateral retina. 

v and vi receive signals from the medial half of the contralateral retina. 
ansmission of signals to the visual cortex. The nucleus receives gating control 
ofugal fibers and reticular areas of the mesencephalon. Both of these 


pt apart in dorsal lateral geniculate nucleus. 


Layers i, | 
it also gate tr 
signals from cortic 
sources are inhibitory. 


The dorsal lateral geniculate other way as, 


nucleus is divided in an 


Magnocellular layer: 

layers i and ii are called magnocel 
These neurons receive input from M 
This system provides a rapidly conducting 
This systern is color blind and its point to P 
Parvocellular layers: 

layers iii and vi are called parvoce 
Neurons, 


lular layers b/c they contain large neurons. 


retinal ganglion cells. 
pathway to visu 
oint transmissiO 


al cortex. 
n is poor. 
| to median sized 


llular layers b/c they contain smal 


at transmit color. 
ion but at moder 


cells th : 
lion ate velocity of 


p retinal gang 
jal informat 


Thes 

e on 

neurons receive input from 
to point spat 


Thi 

Ss 

i ystem convey accurate point 
Nduction, 
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| | | j Central Neurophysiology of vision 


visual cortex: 
it is located’ on the medial aspect of the occipital lobe. 
Obes, 


It is divic ed into primary visual cor tex and secon WV S 
| 1 di y visu i r 
IUe | CO te, 
—> 


Primary visual cortex: 
Also called visual area | or the striate eae 
Located in the calcarine fissure area 


Brodmann,s area 17 is primary visual cortex. 


YYY y 


It > the terminus of direct visual signals from the eyes. Signals fro 
retina terminate near the Occipital pole, whereas signals from t 
terminate in concentric half circles anterior to the pole. 

> It has six distinct layers. 

Removal of the primary visual cortex in human causes blindness. 


m the Macular as, 
he more Periph, 


Secondary visual cortex: 
> Also called visual association area or visual area ii. 
It lies lateral, anterior, superior and inferior to the primary visual cortex. 
> Brodmann;s area 18 is secondary visual area. 


Vv 


Vertical Neuronal columns in the visual cortex: 
> The visual cortex is organized structurally into vertical columns of neuronal Cells 
> Each column have a diameter of 30 to 50 um. 


Field of vision: 
It is the visual area seen by an eye fixed straight at a point. 


Perimetry: 
It is the systemic measurement of visual field function. 
In all perimetry charts, a blind spot caused by lack of rods and cones in the retina over? 


optic disc is found about 15 degrees lateral to the central point of vision. 


Scotomata: 
Blind spots found in portions of the retina other than the optic disc area are @' 


scotomata. 
It is frequently caused by damage to the optic nerve resulting from glaucoma. 


Retinitis pigmentosa: end 
In this disease potions of the retina degenerate and excessive melanin pigment § 


in the degenerate areas grad 
, , , , T À en 
It usually causes blindness in the peripheral field of vision first and th 


encroaches on the central areas. 


E > Itis diagnosed by perimetry. 
; ne Page 80 a 
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esions in the optic pathway on y 

ac te fields Of y 

ad nerve: vision: 
opel! H 


ní nerve causes blindness 


$ Of the affog teg 


phe opti 


aye 


n . nasal half of retina looks at the 


4 rhé 
í 


temporal h 


alf of fia 
alf of the visy ian 


Hof retina looks at the nasal h 
al field. 


VISION while the 


opte‘ hiasm: 

T 

pesi suses hi-temporal hemianopia. 
an Ca 


vadition the nasal half of each retina is blinded 
emis C Ww 


' af hich m 
a the temporal field of vision for each eye, fans that the person is 


vn ently results from tumors of the pituitary gland 


ipsion of optic tract: 
‘ 


ssion causes homonymous hemianopia. 


. ic tract is divided, a left ; , 
sehe right opt! temporal hemianopia and a right nasal hemianopia 


Fixation movement of the eyes: 


, gation movements are controlled by two neuronal mechanisms 


voluntary fixation mechanism: 
« allows a person to move the eyes voluntarily to find the object on which he or she wants 


to fix the vision. 
controlled by a cortical field located bilaterally in the premotor cortical regions of the 


p 


frontal lobes. 
, Disteral destruction of these areas makes it difficult for a person to unlock the eyes from 


one point of fixation and moves them to another point. It is necessary to blink the eyes or 


pte hand over the eyes for a short time, which allows the eyes to be moved. 


lnvoluntary fixation mechanism: 
‘ “holds the eyes firmly on the object once it has been found. 


j ion from 
results from a negative feedback mechanism that prevents the object of attention fr 


ye 


“eving the foveal . ; 
shales portion of the retina. l l 
occipital cortex, located mainly anterior to 


it 


+ ntrolled by secondary visual areas nn 
the , 
“Primary visual cortex. 


” Bilateral iven fixation point. 
èl destruction makes it difficult to keep eye 


s directed toward a 8 


tadic : 
, _ adic movement of the eyes: point of 


s ; Ie > 
ratio are rapid, ballistic movements of the € 
n, 


— 


at abruptly change the 


yes th 


Pave 61 
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» eyes, quch as When A PELT i 
er rin the visual field, jurnping frorn iih 
when a visua e hig i umps are called saccades T 
- the eye? fix OP jumps per sec, these J 7 
nent | r ae shi ore than 10% of the total time is Spent Merle , 
> »xt it s at no l - 
saa des OCC eee llocated to the fixation sites- 
} he sac in : B 
r T a w h 90 40 etl e i age during saccades so the person IS not CONscigus Of t. 
wa visua 
sse 
> The brain sup sant another 
ovements f on 
persuit 1 ovement ents in which the eyes remain fixed on a moving object 
mo em 
> persuits are oth eye 
strabismus: 7 
wnt or cross EY | 
> Also called squint which the eyes do not properly align with each other when looking at z- 
tion in 
> Itisa cond 
e horizontal strabismus, torsional strabismus and vertical strabismus. 
i re 
> lts basic types a 
cael rey problem with eye muscles, the nerves that supply eye muscles or the 
> Itcan e cause ; 
control center in the brain that directs €Y€ movements 
Treatment: 
i i --ian therapy or eve muscle surge 
> Itcan be treated with eye glasses, prisms, vision therapy y gery 
f the eyes: 
e fibers. 


nnervation (0) 


d by both parasym d sympathetic nerv 


Autonomic i 
pathetic an 


> The eye is innervate 


parasympathetic supply: 

Its preganglionic fibers arise in the Edingerwestphal nucleus and then pass to ciliar 
ganglion which excites, 

i) The ciliary muscle that controls focusing of the eye lens. 

ii) The sphincter of the iris that constricts the pupil. 


the s°™ 


Sympathetic supply: 
oracic segment of 


It originates in the intermediolateral horn cells of the first th 


cord. 
raoc” 


Its fibers innervat 


t H . sos 
e the radial fibers of the iris (which dilate the pupil) and ext 


muscles of the eye. 


Control 
ofa i 
ee rn moar ei or focusing the eyes: 
uits . ' 
A or ne alka contraction or relaxation of the eye ciliary muscle 
r m ; 
y muscle causes increased refractive power of the lens * 


Scanned with CamScanner 


the lens is regulated py | 
a Nop | 


qs the refractive po ati 
wo Ivo fa 

' of the lens te fe edh; 

) 


Ie 
k Mechani« 


the hip M that 


achioye ; 
Vest de 
Pree 


of 


7 upillary diameter: 


sl 


wie yf t 
yation “ 
yuli „e pupillary aperture which is called mios; 
Sis. 


he parasympathetic Nerves excites th 
e 


Pupillar ; 
e Y sphincte . 
' sing s muscle, thereby 


iS: 
ydrias" 
„ulation 9 


` llary gilation WwW 


> sympathetic n 
f the >) ` erves excites the radial fib 
hich is called mydriasis. hers of the iris and ca 
uses 


lary light reflex: 


„pil 
pup! . si i 
ht is shone into the eyes the pupils constrict a reaction call d 
alled the pupillary li 
ght 


W hen lig 


reflex . . 
fight falls ON the retina impulses pass from th 
when lig e optic nerves to the 
pretectal nuclei. 


| impulses pass to the Edinger-westphal nucleus and finally back 

athetic nerves to constrict the sphincter of the iris eee 
ess the reflex becomes inhibited which results in dilation of the pupil 
ight reflex is to help the eye adapt rapidly to changing light conditions 


The 

parasy™mp 

conversely in darkn 
ld 


> The function of the | 


argyll Robertson pupil: 


tisa pupil that fails to respond to light but does respond to accommodation and is also 


very small. 


itis caused by lesion interapting fibers that run from pretectal nucleus to Edinger-westphal 


r 


nucleus on both sides. 


Adie tonic pupil: 
r \tisa pupil that has decreased or a 
’ itis caused by disorder of parasyM 


mage to ciliary ganglion. 


bsent light reflex and weak accommodation reflex. 


pathetic innervation of constrictor pupillae muscle or 


Horner's syndrome: j 
tis caused by an interruption of the sympathetic nerve supply tO the head. 
‘ymptoms: 
r includes 
Pa 
i mae of the pupil (miosis). 
"| "8 of the upper eyelid (ptosis). | 
is). 


ack Of 5 
Weatin ilati dros 
Dehression g plus vasodilation (anhy i exophthalmos!: 
b of the eyeball into the orbital cavity 
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The Sense of Hearing k 


Ossicular system: 


- The ossicular lever system in ear ing reases the force ¢ | 
) MOve 

Mort 
abe 


> The surface area of tympanic membrane je 
Mmm’ Where 


» about Ge Ut YT, 


stapes is 3.3 mm’, 


> This causes about 22 times as much total force to be exerte O 
exerted by the sound waves against the tympanic membrane, i " flug o Crp 
Attenuation reflex: ` 

» When loud sounds are transmitted through the Ossicular system 

4 reflex OCC, 


5 ah. 


latent period of 40 to 80 milli sec to cause contraction of the st 
. . a 
muscles which is called attenuation reflex. äi time, 
7 The tensor tympani muscle pulls the handle of malleus inward whil i 
pulls the stapes outward. Sahig stapedius Mue 


lus and tensor 


> Its role is to protect the cochlea from damaging of loud sound and to k 
l mas 

sounds in loud environment which allow a person to concentrate on sound 
above 1000 cycles/sec. " 


low frequen, 
Eney 
Sol frequen 


Hyperacusis: Sags a vasa 
> It is excessive hearing sensitivity due to Te aaa EN, 

paralysis of stapedius muscle. =~ EEEL | | 
> Cause is facial nerve lesion. Mises Scala Bastar Heic, 


tympani membrane 


Movement of fluid in the cochlea after forward 


Hypoacusis: thrust of the stapes 
It is low hearing sensitivity due to paralysis of tensor tympani muscle. 


Cause is trigeminal nerve lesion. 


Cochlea: 
It is embedded in a bony cavity in the temporal bone called bony labyrinth. 


It is a system of coiled tubes consist of three tubes coiled side by side, 
i) the scala vestibuli ii) the scala media iii) the scala tympani 
The scala vestibule and scala media are separated from each other by Reise’ 


membrane, also called vestibular membrane. =e 
ase 
> The scala tympani and scala media are separated from each other by the 


membrane. ‘ch sodiut 
. . i g wai 
> The scala vestibule and scala tympani contain perilymph which has his 


concentration. . 
> The scala media contains endolymph which has high potassium concentration. 


eo the 
nl ; id space ° 
> The scala vestibuli and scala tympani communicate directly with subarachno 


hd 


perilymph is almost identical to CSF. 
> The endolymph is different fluid secreted by the stria vascularis. : 
elicotrem? 


7 The scala vestibule and scala tympani communicate with each other at h 
y ee Page 84 ——— 
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Ras; 


| 


( 
Nl | 
wh sol Di an of corti (the re 
yechanically sensitive cells, the inner iiy 


p 


silar membrane lies the org 
n tOr 3 
Mii tron ; f Orga 
ai elect! and outer h n). 


` , ai ffe 
yo receptive í nd organs that generate nerve r cells, 


IMpulses in rer 


> 


re tl 
Ponse 
* to Sound 


H ions A n i 
ation ore arranged in single row numbering about 3500 and 12 
- UM in dia 
meter, 


wat! = are arranged in three or four rows num in 
olls beri g about 12,000 and 2 
um in 


yation of the hair cells: 
sel ‘ 5 n , 
“lis are the receptive end organs that generate nerve impulses in response to sound 


„ration: 


\ acilia or minute hairs project upward from the hair cells and are embedded in the 
RIAL. 


À g” gel coating of the tectorial membrane, which lies above the sterocilia in the scala 


media. i : sii 
sending of sterocilia toward the kinocilium (tallest sterocilia) causes depolarization of hair 
lo] 


cells. HI Ht . eye 
pending of sterocilia away from the kinocilium causes hyperpolarization of hair cells. 
The neurotransmitter released by hair cells is glutamate. 


endocochlear potential: 
An electrical potential of about +80 mv exists all the time b/w endolymph and perilymph, 


with positivity inside the scala media and negativity outside, which is called endocochlear 


~ 


potential. 
itis generated by co 


stria vascularis. 


The importance O 
endolymph of the scala media whereas the perilymph bathes the 


The hair cells have a negative intracellulae potential of -70 mv 
tut -150 mv with respect to endolymph at their upper sur 


ntinual secretion of positive potassium ions into the scala media by 


~ 


f endocochlear potential is that the top of the hair cells are bathed by 
lower bodies of hair cells. 


with respect to perilymph 
faces that are bathed by 


~ 


éndolymph, 


basilar membrane and sound frequency: 


“contains basilar fibers that project from the bony center of cochlea, the modiolus, toward 


~ 


te outer wall, 
” The . . 
ki lengths of basilar fibers increase progressively from oval window to the heli 
18 dj . ; 
meter of basilar fibers decreases from the oval window toward helicotre 


cotrema. 
ma, so their 


Wer i 
all stiffness decrease. 


t Page 85 í- 
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As a result the sti short fibers near the oval window Ol the 


high frequerney, whereas the lon limber bers near he 


frequency St ay 


Place principle: 
» The principle method by which sound frequencies are discriminated from 
based on the position along the basilar membrane that are more stimul One ; 
the place principle, 


» Place principle cannot discriminate sound frequencies below 200 Cycles/sec¢ 


Volley or frequency principle: 
~ This principle states that a group of neurons of auditory system respond to a Sound t 
firing action potential slightly out of phase with one another so that when combineg 7 
Breater frequency of sound can be encoded and sent to the brain to be analyzed. à 
> Low sound frequencies in the range of 20 to 200 cycles/sec can be discriminated by Volley 


principle, 


Frequency range of hearing: 
» The frequency of sound that a pesson can hear is b/w 20 and 20 thousand cycles/sec, 
» Inold age this frequency range is usually shorten to 50 to 8 thousand cycle/sec or less. 


Auditory nervous pathway: 
» Nerve fibers from spiral ganglion of corti enter the cochlear 
nuclei located in medulla. 
At this point fibers synapse and second order neurons pass 
mainly to opposite side of brain and terminate in superior 
olivary nucleus, a few fibers also passes to superior olivary 
nucleus on the same side. 
From superior olivary nucleus the auditory pathway passes Metres 
through lateral lemniscus and travel onto the inferior 
colliculus and then passes to the medial geniculate nucleus. 
Finally the pathway proceeds by way of the auditory radiation 


to the auditory cortex located in superior gyrus of temporal 
bone. 


Signals from both Cars are transmitted through the pathways m 
of both sides of the brain with a free ponderance of On 
transmission in the contralateral pathway, 


ay 
Auditory nervous pathway 


| Determination of the direction from which sound comes: 
- Aperson determine: 


s the horizontal direction from which sound comes by two means, 
es Pape 86 e 


Mirren ao 


IRT 
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he sense Of Hearing 


j ° a A 
' the difference b/w the intensities of the ane 


= into the opposite ear. 
i in the two ears, 


e medial superior olivary nucl i 
E | eus has a specific mechani 
acoustical signal entering the two ears. iii a =“ 


conductive deafness: 


- cause by impairmen i 
itis ca y p t of the physical structures of the ear that ct 
the cochlea. 1.e: outer ear, eardrum or middle ear ossicle aii i 
s. 


sensorineural deafness; 
it occurs from damage to the cochlea, auditory nerve or the brain 


Audiometer: 


> Itis amachine used to determine the nature of hearing disabilities 


Otosclerosis: 
> It is abnormal bone formation causing fixation of the foot plate of the stapes into the oval 
window. 


> The resulting limit uctive deafness. 


ed movements of the stapes cause cond 


Otitis media: 


> Itisan acute infection of the middle ear. 


Otorrhea: 
of the ear canal. 


> Itis drainage of fluid from the external part 


5 
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Types of taste receptors: 
> There are five types of taste receptors which can detect 
umami sensations. en Our, Salty, swop 
"t, bitte, 
"ate 


» The sour taste is caused acid that is by the hydrogen ion concent 
; E ntrati 
The salty taste is caused by ionized salts, mainly by the sodium ion ion, 
; . con l 
> The sweet taste is caused by organic chemicals like sugar a eh 
, , co Ols alde 
’ Clyde. . 


A.A. 
> The bitter taste is caused by nitrogen containing long chain organic r 
su Stance. ` 


Vv 


alkaloids. 
> Umami is the dominant taste of food containing L-glutamate such as meat extract 
S, 


Threshold for taste: 
Threshold for stimulation of the sour taste by HCI is 0.0009M. 
Threshold for stimulation of salty taste by sodium chloride is 0.01M. 


Threshold for stimulation of sweet taste by sucrose is 0.01M. 


Threshold for stimulation of bitter taste by quinine is 0.000008M. 
Bitter taste sense is more sensitive than all the other senses b/c this sensation provides an 
important protective function against many dangerous toxins in food. 


VVVV Y 


Taste blindness: 
Some people are taste blind for certain substances. 


> 

> A substance used frequently for demonstrating taste blindness is phenylthiocarbamide, for 
which about 15 to 30% of all people exhibit taste blindness. 
The taste bud and its function: 

> It has a diameter of about 1/30 mm and a length of about 1/16 mm. 

> Adults have 3000 to 10,000 taste buds and children have a few more. 

> It is composed of about 50 modified epithelial cells, some of which are supporting cells 
called sustentacular cells and other are taste cells. 

> Taste cells are continually replaced by mitotic division of surrounding epithelial cells. 

> Life span of each taste cell is about 10 days in lower animals but is unknown for humans. 

> Outer tips of taste cells are arranged around a minute taste pore. From the tip of each taste 


. ory: . . i nili 
cell several microvilli or taste hairs protrude outward into the taste pore. These microvi!!! 


provide receptor surface for taste. 
Location of the taste buds: 
» Taste buds are found on three types of papillae, 
i)Circumvallate papillae ii)Fungiform papillae iii)Foliate papillae 
Filiform papillae are taste blind b/c they do not have taste buds and 
anterior two-thirds of tongue. 
Circumvallate papillae form a V line on the surface of posterior tongue. 
Fungiform papillae are located on the flat anterior surface of tongue. 
Foliate papillae are located along the lateral surface of tongue. 


| | ASR OLS EO ETEEN 
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a outside 


nulation: 
, with respect toth 


he inside 
of this negative 


„gatively charg 

» to the taste hairs causes partial lo%% 
polarized. 
ptor proteins open 
he receptors. 


ins activ 


< the rece specific ion channels in the 
activating t 
r prote 


e sensations, 
hich elicit the ta 


ial 2 
i ir taste sens 
ate second messenger 


ste signals. 


rve, 


o the lingual ne 
rius 


s into the CNS: 
e pass first int 
he tractus solita 


rds of the tongu 
nd finally into t 


e and from posterior 


ack of tongu 
geal nerve into the 


Illae on the b 
glossopharyn 


e brain 5$ ; 
ircumvallate papi 
tted through 


uth and throat are transmi 
er parts of pharyngeal region are 


from base of tongue and oth 
the tractus solitarius. 

he nuclei of tractus solitarius, which send second order ne 
of thalamus. From thalamus third order neuron 
s where it curls deep into the sylvian fissure and i 


urons 
s are 


, All tast 
nto 


ntral posterior 


to ve 
postcentral gyru 


smitted to the 


tran 
cular insular area. 


oper 
r and 


tly into the superio 
trol 


vary glands to con 
xes are integrated in 


e transmitted direc 
signals to the sali 
f food. SO taste refle 


taste reflexes: 
From the tractus SO 
inferior salivatory nuclei. 
secretion of saliva during ingesti 


the brain stem. 


y taste signals ar 
e nuclei transmit 


on and digestion O 


litarius man 
Thes 


Adaptation of taste sensation: 


Taste sensations adapt rapidly. 


Adaptation of taste buds usuall 
reme degree of adaptat 


x 


e than half of this rapid adaptation. 


y accounts for no mor 
of taste almost occurs in the CNS. 


ion in the sensation 


NX 


N 


The final ext 


Sense of smell: 
The sense of smell is 
d In each ctri 

nostril, the olfactory membran 


pared with lower animals. 


ped in humans as com 
2.4 sq cm. 


poorly develo 
e has a surface area of 


x 


, Saeed cells: 
"These 
> These are the receptor cells for smell 
saath 
re bipolar nerve cells derived fromt 


sensation. 
he CNS. 
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The mucosal end of olfactory cell form 
into the mucus. 


Olfactory cilia are 0.3 um in diame 


act to odors in the 
actory cells 


ter and 200 
air and stimul 
are small Bowman 


These cilia re 
Among olf 


MUCUS, 


Mechanism of excitatio 


n of olfacto 
The odorant receptor is seven ry cells: 


Pass receptor. 
The odor stimuli use CAM 


excitation of olfactory cells. 
This CAMP opens sodium ion channel 
of sodium to enter cell cytoplasm w 
potential in the positive direction, 
neuron and transmitting action pot 
olfactory nerve. 


P second Messenger System for 


Which allows large Number 
hich increase the electrical 
thus exciting the olfactory 
ential into CNS by way of 


Olfactory Signal transa Ui 
potential in olfactory cel]: 


-stimulated olfactory cells is about -55 my 
Most odorants cause depolarization of olfactory cell membrane, 


potential from normal -55 to -30 mv, changing the voltage in the po 
Olfactory adaptation: 


The olfactory receptors adapt about 50% in the first second after stimulation. Theres: 
they adapt very slowly. 


Membrane potential and action 
The membrane potential inside un 


decreasing the Negat: 
sitive direction, 


Smell sensations adapt almost to disappearance within a minute. Most of the adaptaties 
occurs within the CNS. 

Transmission of smell signals into CNS: 

The olfactory nerve fibers leading from the olfactory bulb are called olfactory tract. 
Both the olfactory bulb and tract are anterior outgrowths of brain tissue. 

The olfactory tract enters the brain at the anterior junction b/w the mesencephalon = 
cerebrum, there the tract divides into two pathways, one passing medially into the sai 
olfactory area of the brain stem and the other passing laterally into the lateral olfacte” 
area. 

Medial olfactory area: 

It represents a very primitive olfactory system, consists of septal nuclei. 
Lateral olfactory area: . ate 
It represents a newer olfactory system, composed mainly of prepyr! 

cortex and cortical portion of the amygdaloid nuclei. 

Note: 


> All sensory pathways except olfactory pathway synapse in the thalamus. 
EEES Page 90 
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and the smell senses 


posmi” "ability to detect smell. 
los 


| mi E ga 
vp? vase sensitivity to smell. 
cr 


igtaxiS: 
risb ple eding 
mn Lie 


d ng occurs s from septal branches of sphenopalatine and facial vessels. 
et i 


from the nose. 
e nose picking and degeneration of the nasal septum resulting from chronic 


~v 
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notor neurons: 


CH# 01 


i) 
„rii le 
-a fibers that leave the core 
7 I by way of the anterior root J 
s and innervate th 
r e 


( 
tE oni 


e! D yer5 
| scl {il 


nterior motor neurons: 


s€ ol ‘ 
ss, Alpha and Gamma, 


1% 

{vi we two typt 
| ha motor neurons: 
lpr" 

j rise to large type 


Gis 
; diameter. 
keletal muscl 


a motor neurons. 
gamma motor nerve fibers. 
r 
:n diameter. 
y dia 


e intrafusal fibers (Muscle spindle). 


innervat 


interneurons: 


sent in all areas of the cord gray matter and 


> pre 


prain. 
, Small, highly excitable a 
rapidly as 1500 times/sec. 
The corticospinal tract terminates on spinal 


interneurons. 
> Connect spinal motor and sensory 


play vital roles in reflexes. 


nd capable of firing as 


neurons and 


Renshaw cells: 
anterior horns of the spin 


smit inhibitory signals to 


z Located in the al cord. 


rz Inhibitory cells tran 
r Sharpen the signal. 


Propriospinal tracts: 
” Collection of ascending, descending, crossed an 
various levels of the spinal cord. 
” Located in the white columns of th 
Bray. 


Proyi 
ovide pathways for the multi- 


Mu 
fe scle sensory receptors: 
re 
are two tvnes of muscle sensory receptors, 


A alpha (Aa) motor nerve fibers. 


e fibers (Extrafusal muscle 


d uncrossed nerve fibers t 


e spinal cord where th 


segmental reflexes. 


SS | 


Golg tandon organ 


Skeletal a- 


Muscle spindle 


Peripheral sensory fibers and anterior motor neurons 
innervating skeletal muscle. 


Motor 
paaa Aaaa 

i la " 7 
Bum / Spm 


Sensory Motor 
i A ae 


5pm 


14 yum» 
Sa 


Extratusal 


Primary 
hoers 


ending 
Secondary Intratusal 
ending fibers 


Alpha motor Sheath 
ending 
Gamma motor Fluid 
ending cavity 


{Lt em 


Muscle snindle 


the surrounding motor neurons. 


hat interconnect 


e columns meet the spinal central 


| 
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Muscle spindles: 


> Distributed throughout the belly of the muscle 
> Send information to the nervous system 
about muscle len 
length gth or rate of change of Dynarnia y fiber Stat 
` (olloront PING Yibo a, 
> É h | , r Plato K / (sre (i? Wty 
> Each muscle spindle is 3 to 10 mm long. onding AN Way, 
> Itis built around 3 to 12 tiny i A 
iny intrafusal muscle me 
fibers. ny 
(rh. 1h 
. | N * 
Golgi tendon organs: iad an 
nnervatlon of nuclear ha DN 
> Located in the muscle tendons. rutin 
e libers 


> Transmit information about tendon tension or rate of change of tension 


Sensory innervation of the muscle spindle: 


The receptor portion of the m 
In this central portion, the intra 


uscle spindle is its central portion. 
fusal muscle fibers do not have myosin and actin cont 
ntra, 


elements. 


> Two types of sensory endings are found in this central receptor area of the muscle sping; 


Primary Endings: 
> Primary afferent endings or annulospira 
17 um in diameter. 

Transmits sensory signals to the s 


| endings are type la fibers. 


pinal cord ata velocity of 70 to 120 m/sec. 


Secondary Endings: 


They are type II fibers. 
8 um in diameter. 


Innervate the receptor region on one or both sides of the primary endings. 


Types of muscle fibers: 


There are two types, 


Extrafusal muscle fibers: 
They make up the bulk of the muscle. 
Provide force for muscle contraction. 
Innervated by Alpha motor neurons. 


Intrafusal muscle fibers: 


They are embedded within the extrafusal fibers. 


Innervated by gamma motor neurons. 
ny __ ee 
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sptive Sensory receptors 


t 
i yop!!! t ` and cons 


all ` 
cont ot intrafusal muscle 
$ 


titute 

i te "Mus 

| fibers in Muscle 

ss of muscle spindle intrafusal fit | 
sal bers, 


Cle t 


PINdle. 


yl e 
SPindles. 


yi re (we typt 


` 


phett 


fibers He!" the center of a muscle Spindle 


nes* a ‘ 
n ree in each muscle spindle. 


yne te th 
‘ congregated or concentrated in bags 


yule! als a . 
„use excitation of the primary nerve ending 


rate of change in muscle length 


hey are innervated by type |, fibers (group |, afferents) 


Nuclear chain fibers: 

se fibers along with nuclear bag fibers make u 

` p the muscle spi 
spindle. 


The 
nine in each bundle. 


Three to 
of nuclei are aligned in a chain. 


Half the size of nuclear bag fibers. 
cause excitation of secondary nerve endings and also of primary nerve endi 

A ; en 
Detect static change in muscle length. mes 
They are innervated by group Il afferents. 


Response of primary and secondary endings to the length of the receptor: 


r 


r 


Static response: 
When the receptor portion of the muscle spindle is stretched slowly, the number of 
m both primary and secondary endings increases directly in 


impulses transmitted fro 
f stretching and the endings continue to transmit these impulses 


proportion to the degree o 


for several minutes which is called static response. 


The static response lasts as long as the muscle is being stretched. 


Dynamic response: mary endings are 

ary endings are 
When the length of the spindle recepto = 
stimulated powerfully which is called dynamic response: al sudden increase in 


i he initi 
The dynamic response lasts for only a moment in response tot! 


r increases suddenly, the p 


Muscle length 
nerves: 
amma motor ner 
ses by Gamnis ponse is 


lear bag fibers, the dynamic res 
cleé 


Control of static and dynamic respon 
Samma dynamic motor nerves excites the nu 
enhanced, 


e static response 


ain fibers, enhances th 
€ 


G ch 

tla static motor nerves excites the nuclear se 
i ; : onse. 
ile having little influence on the dynamic resp 
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Sarn areas f, 
31% of 


of bre b XCiteg b si Ma 
nthe and secondarily by impul y tho 
cerebellum, basal ' m ihi i 
’ Vaodl pan lia F: Itter lar ¢ ri 
& and cerebral cortex, ane the bulboret; l Aton 
~ SUCU lay, 
Reflex Action: On 
> Itisth i 
e sudden involuntary response of the body to a 
Stimulus 
Reflex arc: 
> 


The anatomical pathway involved in reflex action is called ref 
reflex arc, 


Components of reflex arc: 
> Components of reflex arc are, 
> Receptor 
> Sensory nerve 
> CNS 
> Motor nerve 
> Effector 


Classification of reflexes on the basis of synapses: 


Monosynaptic reflexes: 
> These reflexes involve a single synapse in the receptor arc. 
> Example is stretch reflex. 


Bi-synaptic reflexes: 
> These reflexes involve two synapses in the reflex arc. 
> Example is Golgi tendon reflex. 


Polysynaptic reflexes: 
7 These reflexes involve many synapses in the reflex arc. 
> Example is withdrawal reflex. 


Muscle stretch reflex: a 

> The muscle stretch reflex is the contraction of a muscle in response to strett © 
muscle. 

> Itis a monosynaptic reflex. say muse 

> It occurs in all muscles of the body and is the primary mechanism for regulating ™ 
tone. 

7 Muscle tone is the tension present in all resting muscle. 


> The best example of muscle stretch reflex is the knee jerk reflex. 


Eo Pape 9-A 
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a 
-oflex: 


erk! ' | 

` , ` 5 ‘S » H 

pne“ the patella! tendon causes the quadriceps to stretch 
„pine : quadri e 


' h of the : 
etí shat make the quadriceps contract, 
sis i i 
pitt , quadriceps causes extensic 
fthe qt Í i N of the leg at the knee. 


ction O | hib 
Atre , j ihi : 

( ve simultaneously inhibit antagonist muscl 

t : ampulst `- scies throu h in 

ert ni B terneurons, 


ps stimulates group |, afferent fit 
DES, which activat 
Uvate t-m 
tmotor 


importance: 
rk is exaggerated in upper motor neuron lesion. 


er motor neuron lesion. 


chime: 
Knee JE 

” auggish IN low 
Las 


pendular In cerebellar lesion. 


zecome 


çojgi tendon organ" 

te Golgi tendon organ Is an encapsulated sensory receptor through which muscle tendon 

pers Pass: 

About 10 to 1 
the Golgi tendon organ 


5 muscle fibers are connected to each Golgi tendon organ. 
like primary nerve ending has both a dynamic response and a static 


response. 
, Signals from tendon organ are 


bers that averages 16 pm in diameter. 
, The dorsal spinocerebellar tracts carry information from both muscle spindles and Golgi 
don organs directly to the cerebellum at conduction velocities of 120 m/sec. 
go for relaxation, while when muscle 


transmitted through large, rapidly conducting type Ib nerve 


ten 
When Golgi tendon organ is stimulated muscle will 


spindle is stimulated muscle will go for contraction. 


~- 


Golgi tendon reflex or inverse muscle stretch reflex: 


Itis a bisynaptic reflex. 

Active muscle contraction stimulate 

The group Ib fibers stimulates inhibitory i 

These interneurons inhibit a-motor neuron 

originally contracted. 

sr nn antagonist muscles are excited. 

he musci provides negative feedback that prevents develo 
e, and prevents tearing of muscle and avulsion of tendon. 


x~ 


x 


s the Golgi tendon organs and group Ib afferent fibers. 


nterneurons in the spinal cord. 
s and cause relaxation of the muscle that was 


‘x 


D 


x 


x 


pment of too much tension on 


Flex r 
’ say withdrawal reflex: 
í ma Ysynaptic reflex. 
Sa Prot ntraction of flexor muscles and the relaxation of extensor muscles in t 
ecti : ; : i 
tive reflex in which a stimulus causes withdrawal of the stimulated limb. 


` 


hat limb. 
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Crossed extensor reflex: 


» The crossed extensor reflex is i i 
axtens A a reflex in which th 
: e contralat ; 
eral limh 
i c 
: painful stim Pens 
g , ; , , u ‘ 33t ° 
> The flexor withdrawal reflex is accompanied by a crossed bi a withy, tay 
extenso GLIP 
r FOF, “T 
by | t 
A Whig 


of support when the ipsilateral limb withdraws from 


contralateral limb is extended to support the body 


> o example, when one foot steps on a nail, the crossed extensor refi | 
weight onto the other foot, protecting and withdrawing the foot on the i Shifts y, X 
Postural reflexes: 
> Postural reflexes are responsible for the subconscious maintenance of the p 
when movement and position is altered and they ensure that the body Mbt Posty, 
aligned. Priit an 
Positive supportive reflex: 
> Itis the first postural reflex to develop. 
> In this reflex pressure on the footpad of the baby causes the limb to extend against ss. 
pressure applied to the foot and support the weight of the body. f 
> The locus of the pressure on the pad of the foot determines the direction in which the lim) 


will extends, pressure on one side causes extension in that direction called mza 


reaction. 


Cord Righting reflex: 


When a Spinal animal is laid on its side, it will make uncoordinated movements will try to 
raise itself to the standing position, this is called cord righting reflex. 


Locomotive reflexes: 
These are involuntary modification of locomotor movements produced by sensory signas 


from receptors in the limbs and body. 


Stepping reflex: 

The stepping reflex can be seen when a baby is held upright or when the baby feet è 
touching the ground, the baby tries to walk. 

Legs prance up and down as if baby is walking or dancing. 

This reflex is present at birth and disappears at 2 - 4 months of age. 


Stumble reflex: 4 
If the top of the foot encounters an obstruction during forward thrust, the forward ji 
will stop temporarily, then in rapid sequence the foot will be lifted higher and prow 
forward to be placed over the obstruction, this is called stumble reflex. 
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, 10 OPpasite 
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Ivation hi/ 
UW the 


limh Ordiniarity thier see 
two limbs | 


i ‘all four limbs. “Mapa op 
ing of IDS: “Mark lime" 


) 
ap stepl reflex; 
ji or r$ diagonally b/w the forelimbs and hind limbs, This | is 
Der a OCCU "NT TS another 
a MAMICA atie 
qep „innervation. dtid 
rows 
ts 
ying reflex: 
, forelimbs move backward with both hind limh: 


applied equally to opposite limbs at the « 


pe allel 


hi$ reflex egi 
o „re stimuli are 
ares? 


wf | 

“sult, unequal S 
| re- 

\\ 


pot! MOVE forward, If stretch 


ame time à pallopi 
| on ta pi ny refle 
timulation on one side elicits the diaponal walking refley 


ural circuits: 


„es of ne l 
1 und in the interneuron pool of cells of spinal cord are, 


neural circuits fo 


perging circuits 
converging circuits 
, pepetitive discharge circuits 
reciprocal inhibition and reciprocal innervation: 


gycitation of a group of muscles is associated with inhibition of another group. 
ru fe ES : 
When a stretch reflex excites one muscle, it inhibits the antagonist muscle at the same 


time. 
> Reciprocal innervation refers to the neuronal circuit that causes the reciprocal relationship. 


Scratch reflex: 
+ Scratch reflex is a spinal reflex that causes the person or an animal to scratch or rub the 


effected area. 
r \tisinitiated by an itch or tickle sensation. 


Mass reflex: 
^ indiscriminate response of the body to a stimulus that all segmental reflexes can be 


, 


ited simultaneously is called mass reflex. 


4 This Ae . i 
_ . reflex can be elicited in patients with spinal cord lesions. 
"hen the skin is stimulated by pin pricks, there occurs evacuation of bowel or bladder, 


Muscyl l 
ar spasm of legs, hypertension and sweating. 
l ‘eniticance: 
ained to elicit mass reflex 


Ie patie À 
l "ts suffering from spinal cord injuries are particularly tr 


a 
Cuate bowel and bladder. 
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Viotor Functions OF the Spinal Cord 


Muscle cramps: 


ieee or lack of blood flow to th 
Any local irritating factor such as severe vse e muscle Can elie, 
pain or other sensory signals transmitted from muscle to spinal cord, causing refley iù S 
we 
contraction. 
Contraction stimulates sensory receptors more and a positive feedback mechanism Occur 
. e . 3, 
So a small amount of initial irritation causes more and more contraction until a full-bloy 
ir, 


muscle cramp occurs. 
Spinal shock: 
When spinal cord is transected in the neck, all cord functions including cord reflex 
blocked. 

The reason is that normal activity of the cord neuron depend on continual signals from 


higher centers transmitted through the reticulospinal tracts, vestibulispinal tracts and 
corticospiunal tracts. 


ES are 


Spinal functions affected during spinal shock: 
The arterial pressure falls. 
All skeletal muscle reflexes are blocked. 


The sacral reflexes for control of bladder and colon emptying are suppressed. 


Clonus: 


Clonus is oscillation of muscle jerks and is present in upper motor neuron lesions. 
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j ssure, i l; 
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he Po = 


ts. 
movemen Ditferany inns 
tot CPrebr al e whee 


ricospinal or pyramidal tract: 

(0 l 

rier Of the corticospinal tract arises as axons of the 
Jù 


i ? th 
pyramidal cells situated in 5 ' layer of cerebral iin, 


~ 


) corticospinal tract originates 30% from Primary motor EA wo 
cortex, 30% from premotor and supplementary motor 14 on 
cortex and 40% from somatosensory cortex. E | 7 

7 corticospinal tract is concerned with voluntary, discrete i ki 
and skilled movements. A ' ni 

, Aher leaving the cortex, the fibers pass through the on y 
posterior limb of the internal capsule. The tract then m ty uasin 
continuous through the midbrain, then forming pyramids | 
of the medulla. : <i a 

r- At the junction of medulla and spinal cord, most of the "Aw Nw 
fibers cross the midline at the decussation of the beeen 
pyramids and enter the lateral white column of spinal Corticospinal varz 


cord to form lateral corticospinal tract, The remaining 

fibers do not cross in the decussation but descend in the anterior white column of sara 
(ord as anterior corticospinal tract. 

The anterior corticospinal tract fibers eventually cross the n — 
ènterior gray column of spinal cord segments in the cervical and yapin "a . 
Me lateral corticospinal tract descends the length of the spinal cord, its fibers term 


thie 4 . , 
“anterior pray column of all spinal segments. 


\idline and terminate a TS 


w 


x` 


eakness OF 


` 


Le i b ° . 

Esions of corticospinal tract: 

esi e 
on of the corticospinal tract above pyra! 


Contra). 
x. falateral side of the body. 


~ raf 
"Of the corticospinal tract below PY 


'Psilat Daai 
aeraj side of the body. 
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Extrapyramidal tracts; 


Pontine reticulospinal tract; 


It originates in the pons and projects to the « 


Pinal cord. 


It excites anti-gravity muscles, 


Medullary reticulospinal tract: 
It Originates in the medulla and projects to the spinal cord 
It inhibits anti-gravity muscles, 


Tectospinal tract: 


It originates in the superior colliculus and projects to the Spinal cord 
rd. 


Rubrospinal tract: 
It Originates in the red nucleus and projects to the spinal cord. 


It facilitates the activity of flexor muscles and inhibits the activity of extensor musel 
Scles, 


Vestibulospinal tract: 
It originates in vestibular nuclei and projects to the spinal cord, 
It facilitates the activity of extensor muscles and inhibits the activity of flexor Muscles 


Spastic rigidity in the decerebrate animal: 

When the brainstem is sectioned below the midlevel of midbrain but the pontine, 
medullary reticular and vestibular systems are left intact, then decerebrate rigidity 
develops. 


This rigidity occurs only in the anti-gravity muscles. 
The cause of decerebrate rigidity is blockage of normal input to the medullary reticular 


nuclei from the cerebral cortex, the red nuclei and basal ganglia. Lacking this input, a 
medullary reticular inhibitor becomes non-functional, full over activity of the pontine 


excitatory system occurs and spastic rigidity develops. 


Upper and lower motor neuron: aini 
An upper and lower motor neuron together form the basic neural circuit involve 
voluntary contraction of skeletal muscle everywhere in the body. ror neuron 
Upper motor neuron innervates the lower motor neuron and the lower mO 


innervates the skeletal muscle. 


f 
Upper motor neuron: i 


lower M? 
PA : | than 

UMN are group of all those neurons which originate at higher ipl 

neuron and descend to lower motor neuron and alter the activity of LMN. 
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found in the ventral horn of spinal cord i Je nadel in the brain 
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stem exit inal ranlal nerve 


are LMN 


of its brane h 
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avons of LMN In brain 
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na motor ne 
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ram 
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‘T or neuron lesion: 
uppe” and lowe! mot i 
i LMN Lesion | 
! Ç 
guae Hypotonta Of atonia 

pypetora AA 

/ - exilia — p 
a A i resent yabingki gN absent | 
aahinski sign P | 
Serene l Clonus absent | 
Clonus present 3 | . | 
ic pares flaccid paralysis | 


Atrophy ee 
Drastic change in power 


Fasciculation present o 
Fibrillation present. 
Clonus absent 


Paralysis is ipsilateral and and at 
the Level of the lesion. 


“Spastic paresis 

“pisuse atrophy E 

“slight loss of power _ 

rasciculation absent 5 
“fibrillation absent  — < S 


“Clonus present i 
Daresis is ipsilateral and 
When lesion is below the decussation. 
paresis is contralateral and below the site of the lesion 
When lesion is above the decussation. 


below the site of the lesion 


—$—$—$—— nt 


Vestibular system: 
The vestibular system provides balance, equilibrium and eye movements 


x 


r \tisco fae} c tetepi 
, composed of three semicircular canals and two chambers, the utricle and saccul 
r arata , 
he semicircular canals detect angular acceleration a 
The utricte 
e utricle and saccule detect linear acceleration. 


Semicircular canal: 
Itis filled wi 
; Is filled with endolymph. 
ach ca al 
a nal contains an enlargement called the ampulla 
mpulla has the receptor hair cells, 


n hair cells are e z 
ells are embedded in a gelatinous tissue called th 
ed the cupula 


O 


x` 


Mam a 
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Smaller cilia are called sterocilia and a single long cilium isc 
if the stereocilia are bent toward the kinocilium, the hair cells 
If the stereocilia are bent away from the kinocilium, the hair c 


Macula: 

The utricle and saccule contain a small sensory 
area called macula. 

The macula of utricle lies in the horizontal 
plane. 

The macula of saccule lies in the vertical plane. 
Each macula is covered by a gelatinous layer in 
which small calcium carbonate crystals called 
statoconia are embedded. 

Macula also has cilia projected from hair cells. 
The statoconia have a specific gravity two to 
three times of surrounding fluid. 


Sustentacular cells 


alled the kine 
Ocih i 
depolarize 


ells hyperpolar, 


4 


tA ai a i 


Se An 


Crista Ampullaris And Macua 


The weight of statoconia bends the cilia in the direction of gravitational full. 


Nystagmus: 


It is the rhythmic oscillations of the eyes slowly to one side followed by a rapid re‘ 


movement in the opposite direction. 


The rapid reflex movement is used to describe the form of nystagmus. 
For example, a patient is said to have a nystagmus to the left if the rapid reflex mover?” 


is to the left and the slow phase is to the right. 


It may be caused by vestibular nerve or vestibular nucleus lesions. 


Treatment depends on patient condition a 


congenital. 


nd of the fact whether it is acquire © 
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eduncles: 
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obes of the cerebellum: 


dular lobe: 
estibulocerebellum. 
portion concerned with ba 


Flocculono 
Also called v 
iris the oldest 


lance. 


Anterior lobe: 
Also called spinocerebellum. 


itis concerned with tone. 


{v 


~ 


Posterior lobe: 
Also called cerebro-cerebellum. 
itis concerned with coordination of movement 


~ 


~~” 


Functional areas of cerebellum: 


Vermis of cerebellum: 
it control axial portion of the body. 


x 


Inte i 
ntermediate zone of cerebellum: 


It controls dis 
tal parts of the li , 
hands and feet, he limbs, especially the 


~ 


Lat eral 7 ( be um 
f n . 


ct the cerebellu 
e cerebellum to the pons. 


cerebellum to the 


ed by a median vermis, 


coordination of movements, 


any muscle. 


m to the midbrain. 


medulla oblongata. 


Posterior lobe 


—-— Pons 
i Fp: , —— Medulla 


Flocculonodular 
lobe 


Lobes of the cerebellum 


Hemisphere Vermis 


l Antenor 
i t 1 lobe 
<a Posterior 
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Lateral zone ~ _— F 
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Structure of cerebellum: 
The cerebellum is composed of an outer covering of gray matt 
) ye ¢ er c 


white matter. alled corte, n 
Layers of the cerebellar cortex: 
+ Cerebellar cortex is divided into three layers, from 
outer to inner are, 
> Molecular layer, Purkinji cell layer and Granular w ii ean 
layer. Cimng He , 
> Mnemonic to remember the sequence is “My Q T tong 
Personal Garden”. (Crea y Í f 
Input Inga 
Molecular layer: (inferior olive) (2 other se 
Output 


> Itis the outermost layer. 
Contains two types of neurons, the outer stellate cells and the inner basket.cells, 
2Cellum 


Purkinji cell layer: 


ry Itis the middle layer. 
Contains purkinji cells which are large Golgi type | neurons arranged in a single layer. 


Granular layer: 
It is the innermost layer. 
Contains granule cells and Golgi cells. 


Intra-cerebellar nuclei: 
Embedded in the white matter of each hemisphere are four masses of gray matter forming 


intracerebellar nuclei. From lateral to medial these are, 
Dentate, Emboliform, Globose and Fastigial. 


Mnemonic is “Do not Eat Greasy Food”. 
Emboliform and globose nuclei are collectively called interposed nucleus. 


Fibers from the dentate, embiliform and globose nuclei leave the cerebellum throug! 
superior cerebellar peduncle and from fastigial nucleus through the inferior cerè=s 


peduncle, 


Input to the cerebellar cortex: me 
, 3 hito , tro 
fhe deep cerebellar nuclei receive afferent information from two sources, inhibitory 


purkinji cells and excitatory from climbing and mossy fibers. 


Climbing fibers: 
z These fibers originate from inferior olivary nucleus, 


ry These fibers are excitatory, 
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Anterior spinocerebellar tract: 
it enters the cerebellum through superior cerebellar 


` 


peduncles. 
Conveys information from muscles and joints. 


» 


Posterior spinocerebellar tract: 
it enters the cerebellum through inferior cerebellar 
peduncles, 
Su information from muscles and joints 

we 

e spinocerebellar pathway transmits impulses at 
velocities of 120 m/sec. 


x 
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() i x 
'vocerebellar tract; 
enters fea 
Si the opposite cerebellum 
T ibers terminate as climbin 
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ys information from cereb 
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Supenor cerebellar peduncle Ventral spinocerebellar tract 
N 


Cerebellum 


Infenor cerebellar peduncle 


| |! Medulla oblongata 


Dorsal external arcuate fiber 


| | oe spinocerebellar tract 
no 
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Contributions Of Cerebellum And Basal Ganglia Tow 
Otor Co 
rey 


Reticulocerebellar rathway: 


® Itenters cerebellum through middle and inferior cerebellar 

` n Af pört 

® Conveys control from cerebral cortex lunches | 
Vestibulocerebellar pathway: 

> It enters the cerebellum through inferior cerebellar peduncles 

» Conveys information of head position and movement 
Cuneocerebellar pathway: 

> It enters the cerebellum through inferior cerebellar peduncles 

= 2. 

» Conveys information from muscles and joints of upper limb 
Cerebellar Efferent fibers: 

> Output of cerebellum is from axons of deep cerebellar nuclei. 

> They pass as axons of purkinji cells. 

> Purkinji cells form functional unit of cerebellar cortex. 


Globose-Emboliform-Rubral pathway: 
it travels through superior cerebellar peduncles. 


Influences ipsilateral motor activity. 


Dentathalamic pathway: 
It travels through superior cerebellar peduncles. 


Influences ipsilateral motor activity. 


Fastigial vestibular pathway: 
It travels through inferior cerebellar peduncles. 


Influences ipsilateral extensor muscle tone. 


Fastigial reticular pathway: 
It travels through inferior cerebellar peduncles. 


Influences ipsilateral muscle tone. 


Symptoms of cerebellar lesions: 
Dysmetria: 
+ Dysmetria or past pointing is the inability to stop a movement at proper point 


Ataxia: 
z It means uncoordinated movements. 


Hypotonia: 
~ It means decreased muscle tone. 
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ape pokin" <ia 
Mei pilit per! atte ating a verrments ragidty 
thri 3 
; rat £ 
l f prof ess 
Pa an tremo! . | m 
in pr prno „mplified as the target 'S reached. 
"o | j ome 
gy stage i P par 
ti i ; | 
one rhythmical oscillation of the ey i 5 
S \~ anpa 
-7 fo ia: 
ene Basal Ganglia: | | a 
iat tuated in each 
ray matter SI 
w i 2 collection of masses of gray . - 
cerebral hemisphere. N pira a 
o <p include caudate nucleus, putamen, Globus pallidus, as 
> These if | EnO 
supstantia nigra and subthalamic nucleus. Cerebral and cerebellar control of voluntary 
: portant role in the control of movements 


the basa! Ganglia play an im 


re and voluntary movement. 
e collectively called le 


cleus are collectively € 
ollectively called Neostr 


ntiform nucleus. 


postu 
alled corpus straitum. 


Globus pallidus and putamen ar 
caudate nucleus and lentiform nu 
caudate nucleus and putamen arec 


aitum. 


Abnormalities of Basal Ganglia: 


Athetosis: 
it is slow, involuntary, writhing movements of distal 


segments of the limbs. 
sion in the Globus pallidus. 


h. 


itoccurs due to le 


. 


Hemiballismus: 
t is sudden involuntary movement of limb on one 


side of the body. 
+ ‘occurs due to lesion in the subthalamus nucleus. 


Chorea: 
d It rg Pn . e 
tis rapid, abnormal jerky or dancing movements. 


r} 
it occurs due to lesion in the putamen. 
Putamen circuit though the basal ganglia 


Parkinson disease: 
Its « 
5 sym an š 5 t e . H H 
Yi ptoms are, tremor, rigidity, akinesia and postural disturbances 
, urs due to lesion in the substantia nigra | 
Cà > i l 
n be treated with a drug L-dopa. 


eee ooo 
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Huntington,s disease: 
~ It ts caused by a single Bene defect on chromosome Å 


> in this disease, the GABA secreting, substance P secreti 
neurons of the striatonigral inhibiting pathway degenerat 


» his Causes the dopamine s secreting neurons of the substa tiz 
* thus the nigrostraital pathway inhibits the caudate nucle 
inhibition produces abnormal movements. 
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Huntington,s disease: 
» It is caused by a single gene defect on chromosome 4. 
» In this disease, the GABA secreting, substance p secreting and acetyl 
neurons of the striatonigral inhibiting pathway degenerate, choline tiy 
This causes the dopamine secreting neurons of the substantia nigra Over active 
Thus the nigrostraital pathway inhibits the caudate nucleus ang the e 


inhibition produces abnormal movements. 
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pal cortex: 


cere poorles is Composed of p 
ne ered í i Bray Matter forms . 
j t PONAD t ’ - 
: | oher? moa responsible for state of awarenec 
pemi“ ment. Cerel , “95, Which is to OF corre, 
TA! with envVONMEN cerebral hemisphere control taht respone to ie Tet bye cy 
Mte nese aralie} Ntralateral <; TUM ae 
guses weakness and paralysis on con j al side o a 
p lesion’ tralateral side of the body f the body, , 
yers of cerebral cortex: 
payer 
pral ortex consist Of six layers, 
sifa 
ce"! 
poleculal layer i ee ome 
psen erpa ar 
ternal granular layer ara Pho 
ware 
tf ` ta 
rater pyramidal layer — on, ipada SE 
, sd n Ries on P 
pternal granular layer = negy 
7 ' Parr ia laga : ' = 
internal pyramidal layer, this layer contains Betz tas ES 
cells which constitute 3% corticospinal fibers. in ~ 
i We Cerebral cortex 
aye! ol polymorphic cells 


Cortical Areas: 
gased on histological structure difference Brodmann divide cerebral cortex into 50 distinct 
areas called Brodmann,s areas. 
, Primary motor area is Brodmann area 4, 
, secondary motor area is Brodmann area 6. 
> Primary visual area is Brodmann area 17. 
> Secondary visual area is Brodmann area 18 and 19. 
y Primary auditory area is Brodmann area 41 and 42, 
z Secondary auditory area is Brodmann area 22. 
7 Secondary olfactory area is Brodmann area 28. 
Motor speech area of Broca is Brodmann area 44 and 45. 
’ Primary somesthetic area is Brodmann area 3, 1 and 2. 


’ Somesthetic association area is Brodmann area 5 and 7. 


Prosopapnosia: 
rity i ili j 
"isthe inability to recognize faces. 
ld 
Itcan be caused by lesions in occipital lobes and anterior temporal lobe. 


Perenn. 
+ "Sonal neglect syndrome: 
esi ! 
Pi of the posterior parietal cortex produce agnosia, which Is the Inability to recognize 
_ ects, 


, Also 
‘Uch a person will avoid left side of the body for the performance of tasks, 


Calle 
d personal neglect syndrome. 
rape 109 a 


which is 
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Wernicke area: a | 
> | 


It is the sensory speech area located in the left dominant hemisphere., 
> Its role is in understanding of written and spoken language. 


Arcuate fasciculus: 
The Wernicke area is connected to the broca,s area by a bundle of Nerve fiber, 


V 


arcuate fasciculus. 


Left hemisphere dominancy: enters 
> About 95% of population is left hemisphere dominant for apageh eu inston 


Expressive aphasia: 
> Lesions of broca,s area result in loss of ability to Pr 
> The patient can write and understand words. 


oduce speech. 


Receptive aphasia: 
> Lesions of Wernicke area produce loss O 


> Speech is normal. 


f ability to understand spoken and written words 


Global aphasia: 
> Lesion involving both Bro 
understanding spoken and written words. 


ca and Wernicke areas results in loss of production of speech and 


Conductive aphasia: 
> Lesion of arcuate fasciculus results in conductive aphasia in which the patient is unable to 


repeat words or phrases. 


Angular gyrus: 


N 


> Itisthe visual interpretation area. 


> Its lesions divide the pathway b/w visual association area and Wernicke area results i 
alexia (unable to read) or agraphia (unable to write). 


Corpus callosum: 


> It connects two cerebral hemispheres. 


Anterior commissure: 
> It is b/w two temporal lobes. 


Posterior commissure: 
7 It is b/w two pretectal nuclei. 
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one brain. 
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.şystem: 
g structures in the brain that deal with emotions 


mb" 
, scl o 


l posed of four main parts 
„mpi , 


inpoi ampus 
ene NPP | 
sdala 
my EU“ 
ene AMYVE 
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ene 18" 
„ypothalamus 
campus: 


HipP? i 
t of the limbic system. 


„isa PA! 
ed in the medial temporal lobe of 


a jocat 
t 


i mainly responsible for formation of 


ang term memory. 
amygdala: 

» ig a part of the limbic system. 

itis located in the temporal lobe just anterior 


tothe hippocampus. 


play important role in emotion and behavior. 


Amnesia: 

iris loss of memory. 

Types of amnesia: 

There are two types of amnesia, 
Anterograde amnesia: 


loss of the ability to create new memories after the 


event that caused amnesia. 

Cause is damage to the hippocampus. 
Retrograde amnesia: 
Unable to recall events t 
development of amnesia. 
May be able to memorize new things. 
Cuse is lesion 
thalamus lesion lead to retrograde amnesia. 
Kluver-Bucy syndrome: 

results from lesion of amygdaloid nucleus. 


p . 
tient may present with, 


i Compulsive eating 
NSerti ; , 
, _ tion of inappropriate objects into the mouth. 


* Pociity 


w 


Dorseenethia raz ies 


hat occurred before the 


of hippocampus but specifically 


behavior and memory. 


Limbic system 
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Control Centers of the Hypothalamus 


To diencephalon 
and cerebrum 
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(dopamine) Mesencephaion 
Gigantocellulae —————" 
neurons of ~~” To cerebellum 
reticular formation 
(acetyl holine) 
Pons 
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(norepinephrine) 


Nuclei of the raphe 
(serotonin) 
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Multiple centers in the brain stem 
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Thalamus: 
> Itis amass of gray matter that forms the major part of the dienceph 
e die alon, 


>  Inter-thalamic connection is a band of Bray matter that connects tw 
; , > WO thalam; 
7 Stratum zonale, a thin layer of white matter covering the SUperior surf vl 


z External medullary lamina is a thin layer of white matter covering th n damy, 
e 4 


thalamus. lateray rai 


> Internal medullary lamina is a Y-shaped sheet of white matter that divides t 
of thalamus into medial and lateral halves. Ne Bra 
> The thalamus is composed of different nuclei, each serve a unique role an. 
relaying sensory and motor signals, as well as regulation of consciousness Be i, fror, 
* All sensory information except olfaction relays on thalamus. nes 
> Lesions of the thalamus cause disability on contralateral side of the body b/c the tha 
receives sensory impulses from opposite side of the body. as 


Ith 
a, 


Hypothalamus: 


> Itis a part of the hypothalamus. 
Located below the thalamus and above the pituitary gland. 
Its main function is to maintain the homeostasis of the body. 


ypothalamic nuclei: 


Supra-optic nucleus synthesizes vasopressin or ADH. 
Para-ventricular nucleus synthesizes oxytocin. 
Pre-optic and anterior nuclei control parasympathetic system. 
Posterior and lateral nuclei control sympathetic system. 
Anterior hypothalamic nuclei regulate temperature, show response to heat. 
Posterior hypothalamic nuclei regulate temperature, show response to cold. 
Lateral hypothalamic nucleus is hunger center, initiate eating. 
Medial hypothalamic nucleus is satiety center, inhibit eating. 
Lateral hypothalamic nucleus is thirst center, increase water intake. 


Supra-chiasmatic nucleus controls circadian rhythms. 


Reticular formation: 


It is a set of interconnected nuclei that are located throughout the brainstem. 


It modulates the control of motor and sensory systems. 
It plays crucial role in maintaining behavioral arousal and consciousness. 
Medial forebrain bundle connect limbic system with brainstem reticular for 
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mation. 
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reticular formation: 


n of 


us ceruleus secrete norepinephrine which plays an important role in causing 
oc 


ing thus Ie 
nigra secrete 


3d to rapid eye movement sleep. 
dopamine, its destruction cause Parkinson,s disease. 
= i secrete serotonin which plays an inhibitory role to cause normal sleep. 


neurons secrete acetylcholine which acts as an excitatory 
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states OF Brain Activity 


Coma: 


It is a state of unconsciousness 
Ss from which a person cannes he ares 
la E paT 


Sleep: 
re Itis a state of unconsciousness from which a person can be ätouserj 
Centers causing sleep: 

Raphe nuclei whose fibers endings secrete serotonin. 
» Nucleus of the tractus solitaries. 

* Suprachismatic nucleus of hypothalamus. 

» Muramyl peptide, a substance causing sleep. 


Neurotransmitter of sleep: 
> Acetylcholine 
~ Serotonin 


Intense wakefulness: 
Lesion of raphe nuclei and supra-chiasmatic nuclei cause intense wakefulness 


Narcolepsy: 
~ Asleep disorder characterized by overwhelming daytime drowsiness and sudden attack: = 
sleep. = 
> Orexin or hypocretin is a neuropeptide produced by neurons in the hypothalamus +». 
regulates arousal and wakefulness. E 
> Lesions of orexin producing neurons or defective orexin receptors cause narcolepsy, 
Insomnia: 
> Itis asleep disorder that makes it hard to fall asleep. 
Sleep apnea: 
> Asleep disorder in which breathing repeatedly stops and starts. 
> The patient will snore loudly and feel tired even after a full night sleep. 
Restless legs syndrome: 
> Asleep disorder causes unpleasant sensations in the legs and irresistible urge to move the 
legs. 
Importance of sleep: 
> Restore natural balances among neuronal centers. 
» Improves memory. 
> Clearance of metabolic wastes. 
> Conservation of metabolic energy. 
> 


> Stay at a healthy weight. 
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nt sleep: 
desynchronzed sleep. 
ovement of the eyes. 


ye moveme 
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| 25% of sleep time. 


-cupY 
all to arouse the person. 
| 
p scle tone depressed. 
j ae rate and respiratory vate become 
yea 
regul 


ar. 
rhe prain is quite active. 
uses REM sleep. 


acetylcholine ca l 
7 sain waves are irregular and of high frequency. 
~ Br 

i 


slow wave sleep: 


, Also called deep sleep. 
„ Brain waves are strong and of low frequency. 
£ 


» characterized by Delta waves. 


> restful sleep. 
, Respiratory rate, 


r 
metabolic rate decreases. 
preamless sleep, sometimes nightmares do 


blood pressure and basal 


T 


occur. 
> Serotonin causes slow wave sleep. 


Brain waves: 
Alpha waves: 


” Rhythmical waves. 
Occur at frequency b/w 8 and 13 cycles/sec. 


ach episode occurs afte 


r every 90 minutes, lasting for 5 to 30 


a 


Stage 1 sleep (low voltage and 


Stage 4 


an A AAAA SANA 


lert wakefulness (beta waves) 
Alen 


AMMAN 


Quiet wakefulness (alpha waves) 


oe a ae 


spindles) 


7 50 uY 


Stages 2 and 3 sleep (theta waves) 


slow wave sleep (delta waves) 


AM Yan AVP Da WA ep AAA fi 


REM sleep (beta waves) 
1 sec 


Different Types of Brian waves 


, fo g 
und in the ECG of all healthy adults when they are awake and in a quiet, resting state of 


“rebration, 
” Occur f 
fa most intensely in the occipital region. 
; otage is about 50 mv 
isa 
p Ppear during deep sleep. 


At oce . 
Ur j ° . . . 
n cerebral cortex without cortical connections with the thalamus. 


O 


ESS E E 
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Beta waves: 


) ` `; 

Occur at freque NEY Breater than 14 cycles/sec and | 
7% i Oo high BE 

PAT AD e 


` P Specific , 
Involved in conscious thought, logical thinking and f ._ 
N í ocus 


Clee 
/ le sey 


ting 
j of thosa 
ng. Iaz 


Recorded from parietal and frontal FeRIONS durin 
5 p 


Alert wakefulness 1S € haracterized by Beta waves 


Theta waves: 

Frequency b/w 4 and 7 cycles/sec, 

Occur in the parietal and temporal regions in children. 

Occur in adults during emotional stress or psychomotor states 
Occur in degenerative brain states. | 


Delta waves: 
Frequency less than 3.5 cycles/sec. 

Voltage two to four times greater than other types of brain Waves, 
Occur in deep sleep, in infancy and in serious organic brain diseases. 
Occur in surgical anesthesia and in animals with subcortical transection, 


Seizure: 


A sudden alteration of behavior due to a temporary change in the electrical activity of 


brain. 


Epilepsy: 


It is a disorder of the brain characterized by repeated seizures, 


Types of epileptic seizures: 


There are two main types, Focal seizures and ny bli Jion 


Generalized seizures. 
Grand ma! 


Focal or partial epileptic seizures: 
Localized to a focal area of one cerebral AWWA Jow 


hemisphere. cand 


Classification of partial seizures: a 


Simple partial seizure: Psychomotor 
When seizure does not affect awareness. 


Complex partial seizures: 
When seizure impaired awareness. 
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P states OF Brain Activity 


Anian mare h 


at MEEO SMA 
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a 7 ing Negre Pan 
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" marches of spread to a larger area 


alized seizures: 
canes? 


s Her he a 
wast * ad atrarmai Mertriral artiy 


i caang a Seizure begins in both cerebral 


PT adai 
t 
p N 


sassífication of generalized seizures: 


_pgeralized Tonie-clonic or Generalized Grand Mall seizures: 
d : a = . 
aagracter yea Gy am abrupt loss of consciousness and extreme neuronal discharge 


the * 
groui out the Dram 


„ me tonic ghase the body becomes rigid and in the clonic phase there is uncontrolled 
sring 

vag gaent cry, bites his tongue, difficulty in breathing and may urinate or defecate. 

sgizura lasts for one or two minutes. 


zgh voltage, high freauency discharges occur over the entire cortex. 


shsence seizures or Petit Mall seizures: 

+ causes the patient to blank eyes or stares into space for a few seconds. 
Yost common in children. 

yg not cause long term problems. 

r involves the thalamocortical brain activating system. 

“ap grain wave pattern is “spike and dome” pattern. 


- 


ctal period: 
7 “ne ime after 


the seizure prior to the return of normal neurological function is called 


sostictal period 


Treatment of epilepsy: 
+ Vary medications are used in the treatment of epilepsy and seizures, 
r” Moamalegine 
r Aenytqir 
Chosuimide 
*encharsital 
Boroate 


a 
iranata 


> 
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States OF Brain Activity 


Depression. 
constant feeling of sadness and loss of Interest which 
, cn 


, tiaa 


stops 
the jas 


normal activities 
j Syr fe 
* Itis caused by diminished activity of norepinephrine and serot 
I . Serotonin « 
> Treatment is, NIN Secreg 
na 


and. 
ie, 


r Antidepressants such as imipramine and amitriptyline which 
. , = “Nic , 
norepinephrine and serotonin by nerve endings. Block 4 7 


Bipolar disorder: 
z Also known as manic depression. 
It is a mental disorder characterized by periods of depression and peri 
Criods of 3 


> 
elevated mood refer as mania. ' Bre 

7 During mania an individual feels abnormally energetic and happy. 
Schizophrenia: 

z tis a serious mental disorder that results in delusions, hallucinations, disorganized... 
trouble with thinking and lack of motivation. biisi 

z Caused by exaggerated function of the dopamine system. 

z |t can be treated with chlorpromazine, haloperidol and thiothixene. 


Alzheimer,s disease: 
It is a degenerative brain disorder which is the most common form of dementiz. 


Usually starts in late middle age. 
Results in progressive memory loss, impaired thinking and change in ; 


mood. 
Neurofibrillary tangles and plagues containing beta-amyloid cells are present. 
Loss of acetylcholine neurons occur in the Meynert nucleus. 

Treatment is acetylcholinesterase inhibitors such as Donepezil and Rivastigmine 
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onomic Nervous System CH# 07 


. per vous system: 
ono y nervous system that inne 

“ ihe pn body. vervates smooth muscles, cardiac muscles and 
I on ation: 

ont ol nervous system is divided into two = paean 

wt netic nervous system i- ane / Pe 
Bi r ympathetie nervous system p 
ne thetic ne ervous system: z i -A il | 
j sy" vee flight system Hi Í T 3 | 
ae body for emergency y a = f A 
? to | is thoracolumbar, from spinal cord H: i aaia 

y "anal? are on -vertebral and paravertebral. e.g: ' ~ 
p b is i superior mesenteric ganglia. me s= 

5203S gfionic fibers are short. Sympathetic and parasympathetic Nervous system 
? re anglionic fibers are long. 
? E sreganglionic fibers liberate acetylcholine. 
tganglionic fibers liberate nor-epinephrine while on sweat glands acetylcholine. 


Its . most pos 
ig action Is widespread. 
/ 


rs receptors are ay, az, B1 and B2 adrenergic. 

astio of preganglionic to postganglionic fibers is 1:10. 
rreganglionic fibers are myelinated B fibers. 
rostganglionic fibers are unmyelinated C fibers. 


parasympathetic nervous system: 
i isrest and digest system. 
conserve and restore energy. 


z its eaten is craniosacral, from iii, vii, ix and x cranial nerves and Sz, S3 and S, spinal cord 


, itsganglia are close to visceraor within plexus. e.g: ciliary and otic ganglia. 


nglionic fibers are long. 

anglionic fibers are short. 
’ \spreganglionic fibers liberate acetylcholine. 
” "'Spostganglionic fibers liberate acetylcholine. 


Prega 
stg 
3L 


r Po 


tsaction is discrete. 
Itsy l i | | 
eceptors are muscarinic and nicotinic cholinergic. 


2 9 
" 


nat . - . 
Pr 0 of preganglionic to postganglionic fibers is 1:3. 
e a 
_ ene fibers are myelinated B fibers. 
ganglionic fibers are unmyelinated C fibers. 
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Adrenal Medulla: 


>» Itis composed of chromaffin cells which seci 
JIL h secre 


te two types 


> About 80% epinephrine, of hormo 
Nes 


z About 20% nor-epinephrine. 


Pheochromocytoma: 
> Itis benign tumor of adrenal gland 
y Excessive secretion of epinephrine and Nor-epinephrine 
> > occur, 


x t 1 S wre { l Q |£ t rt IC y , € ( I 1 3} 
n , he 


> It can be treated with phenoxybenzamine 


Cholinergic receptors: 
z These are the receptors on the surfaces of cells that Bet activated wi 
neurotransmitter called acetylcholine. when they bing aty 
Peor 


Types of cholinergic receptors: 


> There are two types, 


Nicotinic receptors: 
Responsive to acetylcholine and Nicotine. 
lonotropic receptors or ligand gated ion channels. 
Cause opening of sodium/potassium channels. 
No second messengers. 

Cause excitation. 


VVWVWV WV 


Types: 


> Have sub types, 


Nn: 


Found in the autonomic ganglia, adrenal medulla and CNS. 


Nm: 


z Found in Neuromuscular junction. 


Muscarinic receptors: 
Responsive to acetylcholine and muscarine. 
Metabotropic receptors or G-protein coupled receptors. 
Use second messengers as their signaling mechanism. 
Found in heart, smooth muscles and glands. 

Inhibitory in the heart. 


> Excitatory in smooth muscles and glands. ee 
EE nes Daon 191 
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e Autonomic Nervous System 


fi 
uA D types 
i 
Mi: rese are G, coupled found in Gastric glands, Autonomic ganglia and CNS 
ads nese are G coupled found in the heart, cause inhibition 
apa: These are G, coupled found in smooth muscles, exocrine glands anc erectmetial ceils 
y4and Ms: Found in CNS. 
ydrenergic receptors: 
-nose are membrane bound G-protein coupled receptors thet arz targa oT rer- 
i nepnrine and epinephrine. 
Types of adrenergic receptors: 
g, receptors: 
ease |P DAG and ~ 


-nose are G, protein bound excitatory receptors which increzse !F:, DAG 
sound in smooth muscles. 


Cause yasoconstriction. 


aja 


znese are G, protein bound inhibitory receptors which decrease CAM? lev 


Found in pres 
Decrease neurotransmitter and insulin release. 


Bı receptors: 
These are G, protein bound stimu 
Sound in heart, juxtaglomerular cells and adipose tissue. 


acreage heart strength, renin release and lipolysis. 


LAID lael 
22A 


latory receptors which increase CAMP | 


zreceptors: 
These are Gs protein bound stimulatory rece 


Found in vascular smooth muscles. 


ptors which increase CAMP level 


Panis H i 
sause vasodilation. 


bs receptors: 

Th i | 

had are Gs protein bound stimulatory rece 
ine in adipose tissue. 

"Crease lipolysis. 


A? level. 


ptors which increase CAN 


ooo 
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Organ 


| Eye (pupil) 


| Eye (ciliary muscle) 


| Lacrimal and salivary glands 


| Sweat glands 

| Nasal glands 

| Heart 

_ Lung bronchioles. a 


Effect of Autonomic ne 


VOUS Syste 
SYM pathetic action 


i 


| Dilation 
| Relaxation 
| Reduce secretion 


pas _| Increase secretion mam~ —__ 
— | Reduce Secretion 


ne Increase rate 


| Dilation 


_ Gut wall 


_ Gut sphincter 


| Bladder detrusor 


| Relaxation 


_ Bladder sphincter 
| Penis 


Gallbladder and bile ducts 


Kidney 


Apocrine glands 
| Systemic blood vessels 
| Gastric glands 

| Piloerector muscles 


| Constriction 
| Ejaculation 
Relaxation 


Thick, odoriferous secretion 
| Mostly constricted 

| Decrease secretion 
contraction 


Decra treh 
| ee oS wj 
| Decrease motility COnStrictio > 
| Constriction Increase m = 


Mostly no effect ji 
Increase Secretion 
No effect 


Pharmacology of the autonomic nervous system: 


Cholinergic agonists: 
> Pilocarpine and physostigmine are cholinergic agonists act on muscarinic receotors, 


Cholinergic antagonists: 
> Atropine and scopolamine are muscarinic receptor antagonists. 


Ganglion blockers: | N 
> Hexamethonium and mecamylamine block both sympathetic and parasympathet: 


transmission through ganglia. 
Adrenergic agonists: 


j ists. 
Phenylephrine (a;) and salbutamol (B2) are adrenergic receptors agon 


Adrenergic antagonists: E 
Phenoxybenzamine and phentolamine block both a, and a, adre 

» Prazosin and terazosin block a, adrenergic receptors. 
* Yohimbine block a, adrenergic receptors 

* Propranolol blocks B; and B; adrenergic receptors. 

> Atenolol and metoprolol block B; adrenergic receptors. 


_ «A 
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CSF and Cerebral blood flow CH# 08 


nee 
hull is surrounded by throe prot 
Otec tiye 
these layers are, ve membranes 


cl 
called meninges 


I 
if 
pi {0 inne! 


alar S stem: 
cure ‘i 
re four fluid filled cavities loca 
ted within th 
e brain. 


5d 
h ependyma and are filled with CSF 


riclé 


nev” lined wit 
pest’ lateral ventricles, the third i 
“a e two , ventricle and the fourth ventricle 


| ra ventricles: 
jate sa cerebral hemisphere. 
te ; 
co ith third ventric i 
jnicate with le through inter-ventricular foramen or foramen of M 
en of Monro. 


~ 


ntricle: 
diencephalon. 
with fourth ventricle through cerebral aqueduct or aqueduct of sylvius 


ird VE 
in the 


~ 


purth ventricle: 
ior to cerebellu i 
, iocated anterior t m and posterior to pons and superior half of medulla. 


communicate with central canal of lower medulla, spinal cord and subarachnoid space 
hough @ single median opening called foramen of magendie and two lateral openings 


called foramen of luschka. 


~ 


Central canal: 
riorly into the fourth ventricle. 


Itopens supe 
hout the length of spinal cord and in the conus medullaris 


, Inferiorly it extends throug 
expands to form the terminal ventricle. 
. tisclosed at its lower end, filled with CSF a 


nd is lined with ependyma. 


Subarachnoid space: 
tis the space b/w the arachnoid matter and pia matter and is present where theses 


meninges envelop the brain and spinal cord. 


thoroid plexus: 
tisa vascular fringe composed of pia matter covered with ependyma. 


*roduce CSF. 

The 

hot aqueduct and central canal do not hav 
Supply of choroid plexus of lateral ventricle 


fanch 
esofi , 
Sof internal carotid and basilar arteries. 

om posterior inferior cerebellar artery. 


Supply of choroid plexus of 4* ventricle is fr 
i Page 123 ESS 


e choroid plexus. 


s and third ventricle is from choroidal 
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Meninges, CSF and Cerebral bloog f| 
Ow 


Cerebrospinal fluid: 
> l 

sia fluid found in the ventricles and in subarachnoid Space a 

are 

» Itis secreted by choroid plexus, nd the brain 
# Its reabsorption occurs in the arachnoid granulati 
> Volume is 150ml. Pnu anons 
» Rate of production is 0.5 ml/min. 
> Pressure is 60 - 150 mm of H,O. 
» Appearance is colorless, 
» Number of lymphocytes are 0 - 3 cells/mm? 


It protects and nourishes the CNS. 


Composition: 
Protein - 
Glucose - 
Chloride - 


15 - 45 mg/100 ml. 
50 - 85 mg/100 ml. 
720 - 750 mg/100 ml. 


Y y 


Blood brain barrier: 
It is the barrier b/w the cerebral capillary blood and the interstitial fluid of the b 
rain. 


The structures that contribute blood brain barrier are, 
Capillary endothelial cells with tight junctions. 


V Yv Y Yv 


Basement membrane. 
Foot processes of astrocytes. 


Hydrocephalus: 


It is a condition in which accumulation of CSF occurs within the brain and causes increased 
pressure inside the skull. 
Types of hydrocephalus: 


Communicating hydrocephalus: 
It occurs when the flow of CSF is blocked after it exits the ventricles. 


Non-communicating hydrocephalus: om 

as ast? 
It occurs when the flow of CSF is blocked along one or more of the narrow pè 
connecting the ventricles. 


Blood supply of the brain: | 
The brain is supplied by the two internal carotid and two vertebral arteries: 


Internal carotid artery: 
> It begins at the bifurcation of the common carotid E AAA 
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CSF and Cerebral blood flow 


yal carotid artery branches: 


yphthalmii artery: 
i 


Supplies the structures of the orbit 


rior COMMUN cating artery: 


post 

acts as an anastomosing artery in the q ircle of willis 

choroidal artery: 

p supplies lateral geniculate body, Optic tract and internal capsule 
anterior cerebral artery: 


es medial surface of ¢ ia 
suppl ace of cerebral cortex and lep-area-on the lateral carebral cortex. 


middle cerebral artery: 


supplies lateral cerebral cortex except leg area 
` si ~“ ce Ad, 


vertebral artery: 


A branch of the first part of the subclavian artery 
vertebral artery branches: 


Meningeal branches: 
supply dura in the posterior cranial fossa. 


Anterior spinal artery: 
supply the spinal cord. 


posterior spinal artery: 
Supply the spinal cord. 


Posterior inferior cerebellar artery: 


Supplies the cerebellum. 


Medullary arteries: 
Supply the medulla oblongata. 


Basilar artery: 
It is formed by the union of two vertebral arteries. 


Basilar artery branches: 


) . x 
Pontine arteries: 


Supplies pons. 
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Labyrinthine artery; 


» Supplies internal ar tery, 


Anterior inferior cerebellar artery; 
> a ; terior and inf j 
= li 


Superior cerebellar artery: 
> T ' 
Supplies the superior surface of cerebellum 


Posterior cerebral artery: 
> Supplies the occipital cortex. 


Circle of willis: 
It lies in the interpeduncular fossa at the base of the brai 
n. 


> 
> Itis formed by the anastomosis of two internal carotid and t 
` . : $ WO v 
> The anterior communicating, anterior cerebral, internal carotid ertebral arteries, 
j f ,ı PO j | 
posterior cerebral and basilar arteries all contribute to the circle ; i oor communicar 
willis, R 

Intracranial hemorrhages: 
> Four varieties of intracranial hemorrhage occurs, 

Epidural hemorrhage: 
> Itresults from damage to anterior division of middle meningeal artery. 
> Epidural hematoma is lens shaped. 

Subdural hemorrhage: 
> It results from damage to superior cerebral veins. 
> Subdural hematoma is crescent shaped. 

Subarachnoid hemorrhage: 
> Itresults from damage to circle of willis. 

Cerebral hemorrhage: ; 
> It results from damage to lenticulostriate artery, a branch of the middle cerebral 3 

orticospinal fibers and prov 


This hemorrhage involves the corticobulbar and c 
hemiplegia on contralateral side of the body. 


4 
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introduction to Endocrinology 


Cytokines: 

» These are peptides secreted by cells into the extracettyy 

) GeO UT ar fly) 

> Function as autocrines, paracrines or endocrine horry Nd 
One 


> e.g interleukin and leptin. 


Autocrine: 
» Secreted by cells into the extracellular fluid. 
> Affect function of the same cells that produce them 


Paracrine: 
Secreted by cells into the extracellular fluid. 
Affect neighboring target cells of a different type. 


Hormone: 

Secreted by glands. 

Transported to a distance where it acts on target tissues. 
Types of hormones: 

> There are three types, 


Peptides: 


Hypothalamic regulatory hormones, pituitary hormones, insulin, glucagon and p 
Afathyres 


hormones. 


Steroids: 
Cortisol, aldosterone, estrogen, progesterone and testosterone. 


Amines or derivatives of A.A tyrosine: 
> Thyroid hormones, epinephrine and norepinephrine. 


Note: 
7 There are no known polysaccharide or nucleic acid hormones. 


Storage of hormones: 
Peptides are synthesized on rough endoplasmi 
Steroids are synthesized from cholesterol as nee 
Amine hormones are derived from A.A tyrosine and are stored. 


i icles. 
c reticulum and are stored in ves* 


ded and are not stored. 


N 


N 


y 


Conc ` ari : 
i, entration of hormones in the blood: 
n . 
Be from 1 Pico gram to a few micro grams per ml of blood. Ø 


Y 
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hormone secretion: | 


ve feedback: 
yeh i over activity of hormone system. 

ene has a negative feedback effect to prevent over secretion i 
4 W ity atthe target tissue. oF the 


ion ol 


hormone or 


at lin secretion. 
x iM 


i 


tive feedback: 
08 ah when the biological actions of the hormone causes additional secretion of th 
ot e 


no mone- es i 
he curge of luteinizing hormone before ovulation. 
ef 


variations in hormone release: 


pa secretion is also influenced by seasonal changes, various stages of development 
7 daging the diurnal cycle and sleep. 
-the secretion of growth hormone increased during the early period of sleep but is 
7 duced during the latter stages of sleep. 
rransport of hormones in the blood: 
e hormones, peptides and catecholamine are dissolved in the plasma and 


Water solub! 


transported fr 
Lipid soluble hormones steroi 


om their sites of synthesis to target tissues in free form. 
ds and thyroid hormones circulate in the blood while bound 


~ 


to plasma protein. 


Hormone receptors: 


“ormone receptors are lar 
Peptide hormones and catecholamine receptors are 


ge proteins and have different locations for different hormones. 
found on the surface of cell 


~ 


~ 


membrane. 
Steroid hormones receptors are found in the cytoplasm. 


Thyroid hormones receptors are found in the nucleus and are located in di 


`~ 


rect association 


`~ 


with one or more chromosomes 


Regulation of hormone receptors: 
, T . 
he number of receptors in a target cell does not remain constant. 


Dow 
i regulation of receptors: 
me m 
hormones decrease the number or affinity of receptors for itself or for another 


normo 
n s y , . 
e and cellular activity is reduced, which is called down regulation of receptors. 


j 
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Introduction to Endocrinology 


Up-regulation of receptors: 
Some J 
ome hormones increase the NUMber or aff 
nity of 
j 


hormone 3 j j 
and cellular ac tivity is increased which | 
118 Cå 


Mechanism of action of receptors: 

» A hormone cts | i fi 
ormone affects its target tissues by first activan 
receptors then initiates the hormonal effects HNN hts re 


» There are different types of interactions 


lon channel linked receptors: 
» These receptors bind a ligand and Open 
specific ions to pass through the channel. 
> Plays role in synaptic transmission. 


a chann 
e through the Memb 
rane th 
na 


G-Protein linked receptors: 
> G-protein linked receptors bind a 
ligand and activate a membrane 
protein called G- protein, which then 
interacts with an ion channel or an 
enzyme such as adenylyl cyclase or Vechanimtaniatonorag p 
phospholipase C which alter cell function. iini 


> All G-protein linked receptors have seven trans-membrane segments. 

> G-proteins are trimeric molecule consist of alpha, beta and gamma subunits 

> In inactive state G- protein binds GDP on the alpha subunit. 

> When a signaling molecule binds to G- protein coupled receptors, a GDp 
associated with the alpha subunit is exchanged for GTP. The alpha subunit ice 
the trimeric complex and triggers the cellular response, rom 

> Hydrolysis of GTP to GDP terminates the signal. z 
Enzyme linked receptors: = = 

> These are cell surface receptors with intracellular f > T i 
domains that are associated with an enzyme. omas BY A > 

> These receptors pass through the membrane only once. L Fy 

> When a ligand binds to the receptor, a signal is T A a 
transfused through the membrane and activates the romien | Ba 
enzyme, which sets off a chain of events with in the cell i Ae YN 

mRNA 2 


that eventually leads to a response. 
> Example is tyrosine kinase receptor. 


An Enzyme linked receptors 


Intracellular hormone receptors: : 
Intracellular receptors are located inside the cell rather than on cell membrane. 


> 
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$ 
id and 
` 


1 
„ated 
(IVs 
At 


ptio! 
) ysl 
4 


receptors initiate the hormonal 


rerold hormones receptors are intracellular rec eplors, 
ce 
P yone enters the cell and binds to reg eptors and activates the rec eptors, 
wi i . 
ye Ne effects, which is the activation. of 


nnd then translation process on the ribosomes to form new proteins, 
Ve 


ss that use tyrosine kinase Mechanism: 
gue: 


Vie >= t rem etow tot 
po! th hormone |a 
yA 
i! — OO en meag 
j ` jlin : A \ t aa 
d spropoietin C i een 5 l 3A 
y plast growth factor —_ j ome Er nnasno 
gpro i f tor - 1 eee OE J mona 
ł Lag wth acto namane ~ 
"insulin like Bro NOS 2 
j secen Meriem orange 
ept" iapa 
F j a 
olactin nies | sar receptor 
7 p ones that use nuclear 1 ecep Ol Intracellular Hormone Receptor 
1 
{ol , . 
sni; 
yee 


i 
| androgens 

: estrogens l 
glucocorticoids 
ocorticoids 


wv 


mineral 
vitamin D3 
p Thyroid hormones 


vw 


> Retinoic acid | 
adenylyl Cyclase- CAMP second messenger system: 
> G-protein linked receptor binds a ligand and activates a 
membrane protein called G- protein. ‘6 
> The G-protein subunit alpha releases its GDP, which is 
replaced by GTP. 
> The alpha subunit dissociates from the G- complex and binds 
toadenylyl cyclase. 


> Activated adenylyl cyclase produces CAMP, by conversion of 
ATP to CAMP. 


r CAMP phosphorylates protein kinase A which 
actions. 


7 Atlast CAMP is degraded to 5’ 


7 


causes specific 


- AMP by phosphodiesterse. 


Hormones that use CAMP 
mechanism: 
f Gtecholamines 


second messenger 


” ADH (V, receptor) 


d . . 
“0corticotropic hormone 
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tracellular © 


Hormone 
fuid 


Cytoplasm 1 
B 


Z Adenytyl 

GTP cyclase 
cAMP ATP 
Active Inactwe 
CAMP- tee cAMP. 
dependent dependent 

protein proten 
kinase kinase 


Protein - POS + ADP <4——Proten « ATP 


Cell’s response 


Mechanism of action of cAMP 


arg kar 
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introduction to Endocrinology 


p Cort COTTODIN rele iting hormone 
> TON 

> Parathyroid hormone 

» Melanocyte stimulating hormone 

Pr Calcitonin 

» Growth hormone releasing hormone 


Hormones that use CGMP second Messenger Systen 
“¥Stem; 


- CGMP is synthesized from GTP using the enzyme Guanyly| cycl 

: ase 
> CGMP serves as the second messenger for, 
- Atrial natriuretic peptide 


r Nitric oxide 


Phospholipase - C second messenger system: 
~ Hormones activate trans-membrane receptors that activate the enzyme ph 
PNospho:. 
r This enzyme catalyzes the breakdown of Proliga 


phosphatidylinositol bi-phosphate into two different oa 
second messenger products, inositol triphosphate and Piia 
Diacylglycerol. “as 
~ The inositol triphosphate mobilizes the calcium ions m. 
from mitochondria and endoplasmic reticulum and the iman i 
. Pronretiate 
calcium ions then have their own second messenger in. 
effects. Ante 
> Diacylglycerol activates the enzyme protein kinase C, deme l nem 
which phosphorylates large number of proteins aa 
leading to cells response. | a ~a 
Coils response tm 


7 The lipid portion of diacylglycerol is arachidonic acid 
which is precursor for the prostaglandins that cause 


Phospholipase-C Second meweng == 


multiple effects in tissues, 


Hormones that use phospholipase - C second messenger syste™ 
z Angiotensin Il 
~ ADH (V, receptor) 
” CCK 
~ Oxytocin 


> Thyrotropin releasing hormone ce” 


OE eee 
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n to Endocrinology 


.almodulin second messenger system: 
p ms à à 4 
ir - bind to the receptor. 
pr" n ion channels and release calcium ions from endoplasmic reticulum, 
I 
6 asa second messenger in two way, 
ds to an enzyme and activates it, to produce physiological action. 
vinds 


i binds to calcium binding protein such as calmodulin to produce physiological 
. calcium ` 


a dulin has four calcium binding sites. 
calmo 


I calcium ion concentration in most cells of the body is 10 to 10 mol/L. 
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Pituitary pland: 


Y 


It controls secretion of other endocrine gland: 40 ¢ 
+ reer) 


Y 


alled Master p 


Also called hypophysis, lang 


Y 


Located in the sella turcica, connected to the hypothalar 
alamus 


by YDO phy. 


Lobes of pituitary pland: nal st 


> Anterior pituitary also called adenohypophysis Origins 


ates fror R 
d neurohypophysis, Origi 
> B/w these two lobes is a small avascular zone c 


athke P 


. 13 Potes 
nates from diencen 
v le 


alled pars intermedia alon 


» Posterior pituitary also calle 


Anterior pituitar y cells: 


Cell type __| Hormone secreted J% of anterior 
Somatotropes ae -5oy elor pituitary ce cell 
ipa Oneness en —— al 0 
Corticotropes 30% ~ 
O = 


Gonadotropes 
Lactotropes 
Thyrotropes 


Hormones of anterior pituitary gland: 


Growth hormone or somatotropin: 
Single chain of 199 A.A. 


Molecular weight is 22005. 
The only pituitary hormone which do not act on other endocrine gland, 
Stimulates body growth, lipolysis and inhibits action of insulin. 


VV Y 


Vv 


Adrenocorticotropic hormone: 
> Single chain of 39 A.A. 
> Stimulates production of glucocorticoids and androgens by the adrenal cortex. 


Thyroid stimulating hormone: 
> Glycoprotein of two subunits, a - chain of 89 A.A and B - chain of 112 A.A. 
> Stimulates production of thyroid hormones. 


Follicle stimulating hormone: 
~ Glycoprotein of two subunits, a- chain of 89 A.A and B- chain Of 112 A.A. 
7 Stimulates development of ovarian follicles and regulates spermatogenesis in test's- 


Luteinizing hormone: 
> Glycoprotein of two subunits, a- chain of 89 A.A and B- chain Of 112 A.A. ad 
Causes ovulation, stimulates estrogen and progesterone production by the ove 


ee Page 133 
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og AA: 
and secretion of milk. 


{ion 


y {t à r . 
ge < controls pituitary secretion: 
l re controlled by either hormonal or nervous signals from 


mus: anterior pituitary is controlled by hormones called hypothalamic releasing 
en inhibitory hormones, secreted with in the hypothalamus and conducted 
y pot pituitary through hypothalamic-hypophysial portal blood vessels. 
; pituitary hormones, hypothalamic hormones are releasing but for 


amic inhibitory hormone exerts more control. 


rom pO wi 
d terminate in the posterior pituitary. 


Q 
ana 
=e 
Q 
jet) 


leasing hormone: 


- Gingle chain of 10 A.A. 


-gimulates secretion of FSH and LH. 


corticotropin releasing hormone: 


“Single chain of 41 A.A. 
‘simulates secretion of ACTH. 


Growth hormone releasing hormone: 
‘Single chain of 44 A.A. 
‘Stimulates secretion of growth hormone. 


trowth hormone inhibitory hormone or somaostatin: 
Sngle chain of 14 A.A. 


] | Ts ; 
nhibits secretion of growth hormone. 


Prolactin inh 


7 ibiting hormone: 
S dopami 


bhi ne (a catecholamine). 
‘Ynthesis and secretion of prolactin. 


~~ 
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Physiological functions of Rrowth horm 
u One, 


Increases protein synthesis in muscle ; 
and increas. 


Increases lipolysis 


» Decreases glucose uptake into cells b/c of induce | 
'd ins 
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; uli 
» Increases production of somatomedins or insulin lik i resist Thee 
: , i e gre -~ 
P Promotes increase in sizes of cells and increase mit E factor 
ee Osis, 
Factors that stimulate or inhibit Browth horn 
j 10ne . 
À i r , SlCrap; 
» Growth hormone is secreted ina pulsatile Pattern increas; “Tetion, 
f SINE an 
d de 
Cray. 
7 Ising 
factors that stimulate growth hormone Factors th 
secretion ar decrease Br Oat 
nae) hh a x 
Decreased blood glucose 
= 2 INCreased 
blood Blucose 


Decreased blood free fatty acids 
Starvation, protein deficiency 


Trauma, stress, excitement, Exercise 
Growth hormone releasing hormone Growth hormone | hb ' 
INNibito = 
Y hormone ™~ 


Testosterone, Estrogen somatomedins 
Deep sleep 


Somatomedins: 
Growth hormone exerts much of its effect through intermediate subst 


) ~ 


somatomedins. 
Growth hormone causes the liver to form sOmatomedins. 


Somatomedin effects on growth are similar to the effects of insulin on grows 
WEN, ss 

somatomedins are also called insulin like growth factors. 

Somatomedin- C is most important, also called insulin like growth factor-1, 


Somatomedi - C has molecular weight of 7500. 
Growth hormones attach weakly to plasma proteins and have half life in blood less than 2 


minutes. 
Somatomedin- C attaches strongly to carrier proteins and have half life of 20 hours. 

The pygmies of Africa have a congenital inability to synthesize somatomedin- c. T= 
plasma concentration of growth hormone is either normal or high. They have dims’: 
amount of somatomedin-c which accounts for the small stature of these people. 


The Levi-Lorain dwarf also has this problem. 


Clinical disorders of growth hormone secretion: 


Panhypothyroidism: 


r 


> 


In this disorder decreased secretion of all anterior pituitary hormones occur. sticoids and 
General effects are hypothyroidism, depressed production of glucoc? 


Bonadotropic hormone. _ 


re 


gan 


(7 


$ 


ist! 
‘ due 


s line 
\e 


ifs due 


s€ „ment 


pomon e 


„ptidiu 
450 „called V 


gyathesized | 
geptide 


we 


Polyp 


retic hormone: 


abnormi sexual functione 
7) the ) 
Patien 
rand thyroid hormones he 


3 


to det leng y of prowth hormone in chil i 
l NOPE ry 


hort stature, 


, to hyper-secretion of growth hormone in childre 
n. 
ar growth occurs, 


to hyper-secretion of growth hormone in adults 
of hands, feet, forehead, jaw and nose occur. 


of posterior pituitary gland: 
uitary secretes two types of hormones, 


Optic chasm 


asopressin. 
in supra optic nuclei of hypothalamus. 
consists of 9 A.A. 


segulates osmolarity of body fluids by increasing water 


ermeability of the late distal tubules and collecting 


+e 
gucts. 


oxytocin: 


1o called love hormone. 


$n 


«thesized in the paraventricular nuclei of hypothalamus. 


>aypeptide consists of 9 A.A. 


tuses contra 


ction of the pregnant uterus during delivery. 


-z'9sin milk ejection by the breast. 


i 


AVON Ine. 


Jar 


Mammary 
Hypothalamse 


hypophy sal 
tract 


Anterior pituitary Posterior pituitary 


Pituitary Gland 


body 


stn ADH and oxytocin are identical, except that in ADH phenylalanine and arginine replace 


“eucine and leucine of the oxytocin molecule. 


‘hechan syndrome: 


“fects women who lose large amount of blood during childbir 
an deprive the body of oxygen. 


o0 


This lack of ox 


"27 Cause pa 
Ri ‘lure Of la 


ee 


pressure during or after childbirth, which c 


ygen causes ischemic infarction of pregnant enlarged pituitary gland. 


nhypopituitarism. 


Ctation Occurs. 


th or have severe low 
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rhyroid gland: 


sland 


> Prndocrne f 


hy 


ayn on ea side of 


i >i 

» Lor ated below the ye intarior tea the 
h 1 Fra, 
whe 
ytoed of ASO follicles that re , ’ 
d Compos a CIOS a N . nar are filled with Collec i] | 
ne 

epithelial cells 


Major constituent of colloid is a glycoprotein thyroele 
Rlobutin Mhie} 
th 


hormones . 


Thyroid hormones: 


> Thyroxine and triiodothyronine which increase the 


metabolic rate of the body. 
Calcitonin that contributes to regulation of plasma calcium 


on 


ion concentration. 


lodide pump: 
It is in the basal membrane of thyroid cell, co-transports 


one iodide ion along with two sodium ions into the cell. hae 

> Energy for transporting iodide against a concentration 7 

gradient comes from Na’- K’ ATPase pump. 

lodide is transported out of the thyroid cells across the apical membrane into tho t 
- iodide ion counter transporter molecule called pendrin. 


i 


a chloride 


Thyroglobulin: 
A glycoprotein having molecular weight of 335,000. 
Synthesize and secreted by endoplasmic reticulum and Golgi an 
apparatus of thyroid cells into the follicles. 
Each molecule of thyroglobulin consist of 70 tyrosine A.A. 
Major substrate that combine with iodine to form thyroid 


hormones. 
> After synthesis of thyroid hormones, it remains part of the 


thyroglobulin and stored in follicles. 


Synthesis of thyroid hormones: Ly ere 
+ Each step in the synthesis of thyroid hormones is stimulated 
by thyroid stimulating hormone. sann 


Y nai mrs 
Chemistry of Thyroid 


Oxidation of the iodide pump: 


r Fi i ` . i i 
rst step in the synthesis of thyroid hormones is conversion of 
form of iodine., 


ze 
iodide ions te è" sil 


7 Oxidation of iodide is catalyzed by peroxidase. 


eee Page 137 = 


Scanned with CamScanner 


pthyroglobulin 


aion 0 
une w ih the thyroglobulin molecule is cattod organification of tt yrogobutlir 
yÝ {u . 4 ' KIODUNTI 
ng! with about one ixth of the tyrosine A A within the thyroglobulin 
po" ari monolodotyrosine and diiodotyrosine 
pine co catalyze í oupling of iodinated tyrosine 
ast n à 
o nolecules of diiodityrosine are joined, tetraiodotyrosine (T4) is formed 
wi , i 
. molet ule of monoiodotyrosine couples with one diiodotyrosine triiodotyrosine 
Ai - B, 
' med 
p molecule of diiodotyrosine couples with one monoiodityrosine „reverse T, (RT) 
are į which is inactive. 
net 7 r S 
K „oxine is 3, 5, 3, 5’-tetraiodothyronine. 
thy 


onine is 3, 5, 3’-triiodothyronine. 


b 


iid ot hr 


(08 er triiodothyronine. 
; 5 0? tri y 


of thyroid hormone: 
Ri iodinated thyroglobulin in the follicles. 


tion of thyroid hormones: 
thin the lysosomes of thyroid cells digest the thyroglobulin molecules and 


ine and triiodothyronine in free form. 


pl tyrosine in the thyroglobulin that do not form thyroid hormones remain 


apnoiodotyrosine and diiodotyrosine. Their iodine is cleaved from the deiodinase enzyme 


„hich makes it available for recycling. 


transport of thyroid hormones in blood: 
rnyroid hormones are transported in plasma protein bound form. 


saynd mainly with globulin and less with prealbumiun and albumin. 


tivation and degradation of thyroid hormones: 
todothyronine is about four times as potent as thyroxine but present in smaller quantity 


od for short time as compared with thyroxine. 
Most of the thyroxine is converted to triiodothyronine in peripheral tissue by the enzyme 


>-monodeiodinase. 

Thyroxine: 

“tains four iodine atoms per molecule. 
Wh, of thyroid hormones. 


| oe affinity towards binding protein. 
5 Potent, 
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Thyroid Hormones 


Triiodothyronine; 
» Contains three iodine atoms per molecule, 
>» 10% of thyroid hormones. 
& Less affinity towards binding protein, 
» Half life is 1 day. 


y 


» Four times as potent as thyroxine. 


Regulation of thyroid hormone secretion: 
> TRH from hypothalamus stimulates secretion of TS | 
> TSH a glycoprotein having MW of 28,000 incre 

hormones. 


H from the anterior 


Vv 


Increased thyroid hormone in the body fluids decreases s 
pituitary through negative feedback, 


Antithyroid Drugs: 
> These substances suppresses thyroid secretion, 
> Propylthiouracil 
» Methimazole 
>  Carbimazole 


> lodine 


Functions of thyroid hormones: 
> Increases cardiac output and tissue blood flow. 
> Increases heart rate and heart strength. 
> Increases basal metabolic rate. 
> Increases respiration and oxygen consumption. 
> Increases number and activity of mitochondria. 
> Increases activity of Na*-K* ATPase. 
> Increases glucose absorption, Gluconeogenesis and Glycogenolysis. 
> Increases lipolysis. 

» Increases protein synthesis. 
> Increases gastrointestinal motility. 


saii ife. 
> Promote growth and development of brain during fetal and initial postnatal li 


Tests for thyroid function: 
~ Measurement of concentration of TSH in the blood. 
> Measurement of concentration of free thyroxine in the blood. 
> Detection of antibodies in autoimmune thyroid disease. 
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( pave ; 
j i porn Obl rthyroidistr 
no 
com , disease in whieh th raid stirnulating immunoglobulins 4 
/ pies Aine / i g irnimunogiobulins are formed against the 
d We ppt orin the thyroid pland 
ae 
poll wsi » sarie recegtors that bind TS 
pind with the sarie receptors that 9 nd TSH, resulting hyperthyroidism. 


p^ ‘ TITT vn 
f i nN val o! thyroid hormone > uppresses TSH secretion ty anterior pituitary gland. 
Hie! 
7 
pyophthaln 
00 í alled proplo® 5 
ai r pnormal protrusion pf the eyeball. 
ar? 
¢ mon in pe ople with hyperthyroidisre, 
m 
H pretche® optic nerve and damage niori 
hoy” 
ab 
Thy" toxic osis: 
thyroid hormone action at the tissue level due to high circulating thyroid hormone 
aaa 
B® excer” 
rec retlon 
i Jie high and TSH is suppresse 
y rnyrozine level io high ind TSH is supp al 
, TEPEE 
hi ; disease: 
pashimoto s disez 
y putoirnmnune disorder 
y pestroy thyroid g gland. 
y Cause hypothyroidism. 


 Goiter 


itis an abnormal enlargement of thyroid gland. 


Types of goiter: 


Endemic goiter: 
> Caused by iodine deficiency. 


Nontoxic goiter 
Cause is unknown. 


Myxedema: 
Develops in person with hypothyroidism. 


Patient « ; 
ent shows bagginess under eyes and swelling of fa 
Ederna is 


Cre 
Conditi 
o d i A -ma rat it 
n characterized by physical deformity and learning difficutues 


non-pitting type. 


tinism: 
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Thyroid Hormones 


Causes: 


~ Caused by ¢ ONngenital thyroid deficiene Y 


Symptoms: 
> Stunted growth 
> Mental retardation 
> Abnormal bone growth 
> Large tongue 
> Constipation 
>» Excessive sleep 


Differences b/w hyperthyroidism and hypothyroidis 
m 


Hyperthyroidism 

Increased basal metabolic rate Decreased basal 
: l m 

Increased lipolysis Š 


- Decreased lipolysis 

Hyper-glycaemia Hypo-glycaemia 

Weight loss Weight gain 

Increased heart rate Decreased heart rate 

Nervousness, anxiety Lethargy, mental retardation 

Weakness, muscle fatigue Stiffness, muscle fatigue 
| Insomnia SC Extreme somnolence 
Increased appetite, diarrhea Decreased appetite, constipation 
Menstrual irregularity, decreased fertility Menorrhagia, infertility 

Exophthalmos Puffy face, large tongue, Myxedem: 
Intolerance to heat Intolerance to cold 

itive nitrogen balance 

Negative nitrogen balance Positive nitrog : — 

“b i i Treatment is thyroid hormone regec™: 
Treatment is propylthiouracil and Surgical 


removal of thyroid gland 


Hypoth roidism 


tabolic ate 
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į Gland: 


l 
el òi 
adr n number each weighs about 4 p, e a 
w0 , superior poles i 
7 l c wed at the Up | of the kidneys. —— Zona fasciculata 
/ a gland composed two parts, the adrenal oa 
£ 1 androgen 
‘ fal | , ind the adrenal cortex, tte Zona reticularis Í . 
medul es T Medulla 
| icatecho amines) Cortex B 
| enal medulla: gi 
dr 
A e central 20% of the adrenal gland. E 


tl 
jt 15 ; 
/ actionally related to the sympathetic nervous 
fu 
system. Secretion of adrenocortical hormones 
tes epinephrine and nor-epinephrine 


Magnified section 


secret 


hese hormones cause same effects as direct stimulation of sympathetic nerves. 


nal cortex: 
s corticosteroids or adrenocortical hormones. 


Adre 
jų secrete 
corticosteroids include mineralocorticoids, glucocorticoids and androgen. 
aldosterone is the principal mineralocorticoid. 


cortisol is the principal glucocorticoid. 


~ 


~ 


synthesis of adrenocortical hormones: 

These hormones are steroids synthesized from cholesterol. 
About 80% of cholesterol used for steroid synthesis is provided by low density lipoproteins. 
Once cholesterol enters the cell, it is delivered to the mitochondria, where it is cleaved by 
the enzyme cholesterol desmolase to form pregnenolone, this is the rate limiting step in 
the formation of adrenal steroids. 


ii which stimulates 
aldosterone secretion, increase the conversion of cholesterol to pregnenolone. 


Both ACTH which stimulates cortisol secretion and angiotensin 


All steps for synthesis of adrenal steroids occur in mitochondria and endoplasmic reticulum. 


Secretion of adrenocortical hormones: 
r The adrenal cortex is composed of three layers, 


Zona glomerulosa: 
r Outer zone of adrenal cortex. 
r Constitutes about 15% of adrenal cortex. 
secretes aldosterone b/c it contains aldosterone synthase. 
ts secretion is controlled by extracellular fluid concentration of angiotensin ii and 
Potassium, both stimulate aldosterone secretion. 
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adrenocortical Hormone 


N 
Jona fasech ulate: 
Ate a wi white one 

titute about 75% of adrenal cortex 


secrete glucocorticoids and androgens 


> Its secretion is regulated by by ACTH, 


Zona reticularis: 
> Inner zone of adrenal cortex. 
> Constitute about 10% of adrenal cortex. 
> Secretes glucocorticoids and androgens, 


its secretion is regulated by ACTH, 


Y 


Mineralocorticoids: 


Aldostrone: 


Very potent, accounts for about 90% of all mineralocorticoig activity 


Deoxycorticosterone: 


> 1/3 


0 times as potent as aldosterone, 


9a-Fluorocortisol: 


Vv 


Synthetic, more potent than aldosterone. 


Corticosterone, cortisol and cortisone: 
Have slight mineralocorticoid activity. 


S 
a 


Glucocorticoids: 


Cortisol: 


> Very potent, accounts for about 95% of all glucocorticoid activity. 


Corticosterone: 


> Less potent than cortisol, accounts for 4% of glucocorticoid activity. 


Cortisone: 
> As potent as cortisol. 


Prednisolone: 
> Synthetic, four times as potent as cortisol. 


Methylprednisolone: 


» Synthetic, five times as potent as cortisol, 
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adrenocortical Hormone 


ne: 


s as potent as ¢ ortisol, h 


Í Vt ‘ i 
s 0 UN VINE zero mineralocorticoid activity. 


(of adrenocortical hormone: 


por : t 
' tration of cortisol in blood ave 


rages 12 ug/100 ml and secretory rate 1s 1% 
a binds to plasma protein especially globulin and to 


to this hi 
is high degree of binding cortisol has long Half life of 60- 


née” ' è 
about 90% of cortisol in plasm 
, 


„nt albumin, Due 


inute 


concentration of REOSIRIONG in blood is 6ng/100 ml and secretory rate is 0.15mg/day. 
" o, of aldosterone in pl 


; 0 a C j i . . 
gut 607 sma binds with plasma protein and about 40% is in free 
gq SO BIGOSIEI OM has short Half life of about 20 minutes 


sf 


pdosteron®: 

i „ineralocorticoid activity of aldosterone is about 3000 times that of cortisol. 

plasma concentration of cortisol is about 2000 times that of aldosterone. 

aldosterone increases renal tubular sodium reabsorption and secretion of potassium and 
hydrogen ions. 


aldosterone mI Seae extracellular fluid volume and atrial pressure but has only a small 
fect on plasma sodium concentration. 


Excess aldosterone causes hypokalemia, alkalosis and muscle weakness. 


> Deficiency of aldosterone causes hyperkalemia, acidity and cardiac toxicity such as 
arrhythmia. 


Regulation of aldosterone secretion: 
> Increased extracellular fluid potassium ion increases aldosterone secretion. 
y Increased angiotensin II in extracellular fluid increases aldosterone secretion. 
> Increased extracellular sodium ion very slightly decreases aldosterone secretion. 
> ACTH is necessary for aldosterone secretion but has little effect in most physiological 


conditions. 


Apparent mineralocorticoid excess syndrome: 
r Cortisol can also bind to mineralocorticoid receptors with high affinity. 
r Renal epithelial cells express the enzyme 11B-hydroxysteroid dehydrogenase type 2 (11B- 


HSD,) which prevents cortisol from activating mineralocorticoid receptors. 
7 Patient with genetic deficiency of 11B-HSD2 activity, cortisol may have mineralocorticoids 


effects and the patient has the same conditions as a patient with excess aldosterone 


re very low. 

i sterone levels a 

secretion except that plasma aldo = 

This condition is called apparent mineralocorticoid excess syndrome. 
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Adrenocortical Hormone 


Physiological functions Of Cortisol: 
Stimulate sluconcogenesis, antay 


ONZE insulin effe 
c | adrenal diabeto: 
crease i i ; i i 

ecreased protein synthesis and increased de 

hepatic protein synthesis, een 


Cts 


cells so cause a condition Called 


>and decra 
IN which blo 


Y 


Increased lipolysis 


> 


curs jn the; 


“buffalo like tarso” anda rounded “ 


i Circadian rhythm of cortisol secretion: 
> There is circadian rhythm in t 


Stress hormones: 


There are five stress hormones. All stress hormones raise blood glucose | | 
evel}, 


> Cortisol 

> Thyroid hormone 
Growth hormone 
> Glucagon 

> Epinephrine 


Androgens: 
> Secreted by adrenal cortex. 
Contribute to growth and reproduction in both men and women, 


a 


4 
7 


VW 


Causes growth of pubic and axillary hair in female. 


Addison’s disease: 
> Also called adrenal insufficiency. 
> Decreased production of cortisol by adrenal cortex. . 
> Characterized by hypoglycemia, weakness, fatigue, anorexia, weight loss, hypotension. 
hyponatremia, hyperkalemia, metabolic acidosis and hyperpigmentation of skin 8° 
mucous membrane. 
> Treatment is administration of glucocorticoids and mineralocorticoids. 


Cushing syndrome: 
> Excessive production of cortisol occurs from adrenal cortex. 


he Pape AS —— 
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yerglycemia, hypertensio om 7 
pert YE n, hypokalemia, obesity giving a “buffalo like 


tyrapone and ketoconazole drugs. 


“oduction of cortisol occur secondary to excess secretion of ACTH by the 
tuitarY or adenoma of the anterior pituitary. 

«are same as that of cushing syndrome. 

< surgical removal of ACTH secreting tumor. 


jdosteronism: 


a 
ary < 
iP! conn’s syndrome. 


ion of elep Tene due to tumor of zona plomerulasa cells. 


{~v 


secreti 
“nen 


genital syndrome: 
ive production of androgen occur. 


is surgical removal of aldosterone secreting tumor and spironolactone drug. 


, Excess! 


0 deficiency 
y female virilization, growth of beard, deeper voice and growth of clitoris to 


resemble penis. 
, Treatment is administration of 


adrenal androgen secretion. 


glucocorticoids and mineralocorticoids which suppress 
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Islets oft] 


Mgerhans 


i Ta PHT 


Major type 


5 Of cells of islet 
Reta os lis 


sof 


ie Center of ilot 


{ 
” recreate INSULIN ang y rv- 
j A Jamyla p 


” Blood first flow to ¢ 


\lpha cells: 


aApillaries in the r 


C4 ii 
25% of islet coll 


# Constitute 
Lie in the periphery of islet 
#* Secrete glucagon 

Delta cells; 


r Constitute 10% of islet cells. 


yr Secrete somatostatin. 


PP cells: 


- Not major type present in small number 


ry Secrete pancreatic polypeptides. 
Insulin: 

z Peptide hormone of 51 A.A. 

- Composed of two A.A chains. 


7 &-~- chain composed of 21 and B - chain composed of 30 


AA 


disulphide bond. 


is intrachain, 


Insulin has molecular weight of 5808. 
Hypoglycemic hormone. 


MORIN E T 


enter 


Interspersed between alpha and beta cells 


7 The chains are connected to each other by two 


In insulin two disulphide bonds are interchain and one 


age 


of 


gerhans 


ilet and PICK up in ‘Ulin 


Protevatin gern 
/ 


C heme Ñ 


When two chains are split apart, functional activity of insulin is lost. 


Insulin was discovered by Banting and Best in 1922. 
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sis and Secretion: 


jin synthe 
ns ome 11 short arm there 
4a chrom kt are genes for insulin 
en: gynthesized in beta cells, first forming 
ra aes re- -ine 
ios signal sequence or initial segment. pre- pro -insulin having MW of 115% 
payt mOr: f i SR aná 
nero is cleaved in endoplasmic reticulum, lost i 
1 , S iti 
paving molecular weight of 9000 and consist of A,B, and initial segment forming pro-insulir 
a oi . ; ‚©, an $ P id mounn 
pro-insulin is cleaved in Golgi apparatus to form insulin C peptide chains. 
sulin ÍS -omposed of A and B chains. anac papige, 
the insulin and C peptide are packaged in secretory vesicl 
—" : sicles in associati ah 7i 
lin and C pe tide - , ciation with 
The insu pep are secreted in equimolar ANI: 
mounts: } onsa i 
r . 2 : ‘ oman 
c-peptide Is marker of endogenous insulin secretion. af of 
patients with type-1 diabetes who are unable to ut? os ap 
produce insulin will have decreased level of C-peptide ALAA ti 
The pro-insulin and C-peptide have no insulin activity. K iiaii dp op 
when insulin is secreted into blood, it circulates in an Chense 6 ghesohate 3? 
unbound form. |E ormer 
7 
insulin has a plasma half life of about 6 minutes. $ ar } 
when exogenous insulin IS administered to a diabetic | ‘2 
: . kono- Te za: 
patient, it decreases C-peptide level. if i | j 
r a š š wee cerned Ca card 
Mechanism of insulin secretion: roost po 
Blood glucose is the primary controller of insulin Mechanism of insulin secre®en 
secretion. 
The Beta cells of pancreas have GLUT-2 glucose transporter which permit glucose influx. 
When glucose enters the cell, it is phosphorylated to glucose-6-phosphate by glucokinase. 
Glucose-6-phosphate is oxidized to form ATP, which closes ATP sensitive potassium 
channels. 
Closure of potassium channels depolarizes the cell membrane, causing voltage gated 
potassium channels to open. 
When calcium enters the cell causing exocytosis of insulin vesicles. 
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Insulin receptor: 
Insulin receptor is an enzyme linked receptor, 
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>» 
» Consist of four subunits, two Alpha and two Beta helg 
, t LSAT 
together by disulphide linkages, j~ 
» The Alpha subunits lie outside the cell membrane 3 
X i ii i F 
» The Beta subunits penetrate the cell membrane Protrudir | 
i Ip trna 
into the cell cytoplasm. s " 
» When insulin binds with Alpha subunits causing aut jigg c T 
, , 2 É 0- er, 
phosphorylation of Beta subunits. esd 
> Auto-phos ‘ylati tte act | 
uto- phorylation of Beta subunits activates tyrosine i 
kinase which causes phosph i i iia 
é S phosphorylation of intracellular r i 
enzymes called insulin receptor substrates. os, | re 
X : on, 
> The net effect is to activate some of these enzymes while ie ' 
Mtana te ii 


inactivating others. 
> In this way insulin produce the desired effects. 


Regulation of insulin secretion: 
Factors that increase insulin secretion 
Increased blood glucose 


Factors that decrease insulin z 
Decreased blood glucose < 


Increased A.A especially arginine and lysine Fasting 
Increased free fatty acids Somatostatin 
Leptin 


Gastrin, CCK and GIP 
Glucagon, growth hormone and cortisol 


Para-sympathetic stimulation (Acetylcholine) 


Epinephrine, Nor-epinephring 
a-adrenergic activity 


B-adrenergic stimulation 


Sulfonylurea drugs e.g: Tolbutamide 
GLP-1 and GIP, are called incretins b/c they 


increase insulin secretion. 
Physiological actions of insulin: 
Insulin promotes metabolism of glucose and its conversion to glycogen in liver ane T= 
Insulin inactivates liver phosphorylase, activates glucokinase and glycogen synthase 


Insulin inhibits gluconeogenesis. 


Insulin promotes lipogenesis. 
Insulin inhibits lipolysis by inhibiting hormone sensitive lipase. 


Insulin promotes protein synthesis and decreases protein can 
. — th. 
Insulin and growth hormone interact synergistically to promote grow 


> 
> 
> 
> 
> 
> 
> 

> Insulin promotes potassium uptake into the cells. 


3 cago” ( 
Ju ptide consists of 29 AA, 


j by Alpha ( ells. 


of Glucagon secretion: 

hat increase Glucagon secretion 

<J blood glucose 

S J blood A.A especially alanine and 


ie 
K Somatostatin 


epinephrine, Epinephrine Free Fatty acids 


atio! 


Increased blood glucose 


physiological actions of glucagon: 
increases glycogenolysis. 

increases gluconeogenesis. 

increases lipolysis, decreases lipogenesis. 
increases ketogenesis. 

increases urea production. 


Somatostatin: 


, Secreted by Delta cells of islets. 
y Polypeptide consists of 14 A.A, same chemical substance as growth hormone inhibitory 


hormone. 
y Half life is 3 minutes. 


> Factors that increase somatostatin secretion are increased blood glucose, A.A and fatty 


acids. 


Physiological actions of somatostatin: 


d Glucagon secretion. 


r Depresses insulin an 
h, duodenum and gallbladder. 


of stomac 


r Decreases motility 
orption in GIT. 


r Decreases secretion and abs 


Diabe »|Jitus: 
iabetes Mell d carbohydrate, fat and protein metabolism. 


ire 
> A metabolic disorder of IMP? Jerreased scndi 
” Caused by either lack of insulin secretion OF sensitivity of the tissues to insulin. 


ww 
= 


~~ 
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Causes of Insulin Resistance 


Obesity 


2 | Excess Blucocorticoids 


| Excess Browth hormone 
3 | Pregnancy en 


= Polyphagia 

- Polydipsia 

> Polyuria 

r Weight loss 

r Hyperglycemia 


Types of Diabetes Mellitus: 


Type-2 Diabetes 


Non-insulin dependent diabetes 
Caused by decreased 
insulin 


No damage to B-cells 

Occurs after 30 years of age 
Also called adult onset diabetes 
Acounts for 90% of diabetes 
Usually obese 

No ketoacidosis 

Treatment is weight loss, drugs e.g: Metforme 
sulfonylureas drugs and insulin 


Insulin dependent diabetes 
Caused by lack of insulin secretion 


Sensitivity of tissues ~ 


90% of B-cells are damaged 
Occurs at 14 years of age 
Also called juvenile onset diabetes 
Accounts for 10% of diabetes 
Body weight is normal 
Ketoacidosis, kussmaul breathing 
Treatment is insulin administration 
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' al extracellular calc 


Ntrati 
1 pme/dl. ration Is 9. Calcium 
3 : f CONG ed iy 
extra ellular calcium is 0,1% of total wr O (0.2 moln ) 
, a o a bod ni 
‘ollular calcium is 19 Y calci 
ntra“ 1% of total body calcium 


gones contain 99% of tot 


plasma calcium: 

41% is combined with plasma Protein 
9% is combined with anions. . 
50% is in free form and ionized 


Distribution of Calcium 
functions of calcium: 
controls excitability of nerves and Muscles 
essential for muscle contraction. | 


regulates permeability of cell membrane 
Necessary for blood coagulation. 
Formation of bone and teeth. 


Necessary for release of some neurotransmitter from storage vesicles 
Acts as a second messenger. l 


Effects of Hypocalcemia: 
Causes nervous system excitement. 
Causes tetany.e.g: laryngospasm and carpopedal spasm. 


Causes seizures. 


Effects of Hypercalcemia: 


Y 


Depresses nervous system. 
Muscle weakness. 
Decreases QT interval. 


Lack of appetite. 

Constipation. 

Fatigue. 

ehosphate: tratio 

The ae plasma phosphate ane 

Bones contain 85% of body ae of body P 
Intracellular phosphate 5 1 pei 19% of bO j 
Extracellular phosphate '° 


o a 
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Functions of phosphate. 
Bone Mineralization, 

Participate ine 
Component of 
Takes p 


nergy BCNCration 
Phospholipids 
art in cell 8roOwth. 


and Storage of ATP, 


> 
> 
> ; 

and Nucleotides, 
>> 


Bone: 


Bone is composed of 35 


Organic matrix: 
> 90% collagen fibers, 


10% ground Substance. 
> Ground substance is com 
> Provide tensile strength t 


posed of extracellul 


ar fluid and proteoglycans, 
o bone. 


Inorganic salts: 


> Composed of combination of calcium and phosphorus salts called hydroxyapatite 
Its formula is Caio (PO4), (OH) >». 


Provide compressional strength to the bone. 


VW 


WY 


Mechanism of bone calcification: 
> Bone production begins with secretion of collagen molecules and ground Substance b 
> on 

osteoblasts. 


y 
The collagen monomers polymerize to form collagen fibers, the resultant tissue becomes 
Pr ec 
osteoid. l 
: j j ic portion of the bone matrix. 
eo eee ae ir begin to precipitate on the Surface of collagen 
id i cium 
After the osteoid is formed ca 
i ite crystals. Eana 7 
fibers to form hydroxyapati l TETN 
Hydroxyapatite crystallization is regulated by pyrophosphate which inhi y 
izati ificati f bone. a 
rystallization and calcification o 7 . noaea 
ri level of pyrophosphate is regulated by tissue- nonspecific oaeo 
. . ro . 
secreted by the osteoblasts into the osteoid, which breaks go T 
. H n è 
When pyrophosphate is neutralized, hydroxyapatite puaa Pee 
The osteoblast also secretes nucleotide pyrophosphatase phospho 
Pai 


Įcification. 
late bone ca 
ankylosis protein (ANK), both contribute to pyrophosphate and regu 


Resorption of bone: 
> Bone is continually resorbed by osteoclast. ak 
> Osteoclasts are phagocytic, multinucleated, monocytes gerva i pam 
> Parathyroid hormone controls the bone resorptive activity of osteo 


al 
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p have parathyroid hormone receptor 
Ws 


por mone binds to TECEpIOrS ON ostagi 
i 


lasts 
sar factor KB ligand (RANKI) 4 synthesis A rerecece 


ceptors RANK on pre-osteae| 


simulating 


to re ASE Colla y 


MINY tharr fr Att 


” V HATA rA 


ree ts also inhibit 
s shla’ ; . yee 
eo! J RANKL interaction. 
i anl 


DONO rar e 
» HON l Or O itt yy OSLO” 


gid hormone and vitamin-D stimulate Production of ras . 
oat fe opG production and stimulating RANKL formation 2 
hi “orticoids promote osteoclast activity and bone 
al on and decreasing formation of OPG. 


n stimulates OPG production and reduces osteoclast 


-| resorgtior oy increasing FANC 
U 


format 
c<trOBe 


activity 


parathyroid gland: 

cour in number. 

Located behind the thyroid gland. 

emmin length, width is 3 mm and thickness is 2 mm. 
Contains chief cells that secrete PTH. 


4 


~ 


parathyroid hormone: 
secreted by chief cells of parathyroid gland. 
Peptide hormone consists of 84 A.A. 


, Molecular weight is 9500. 


Physiological actions of pim icium and phosphate 
Stimulates bone resorption and mobilizes calcium ' 


: ases phosphate | 
Increases reabsorption of calcium and decre p 


`~ 


`~ 


en by intestines via 
calcium and phosphate DY 


‘ 


tion: . oe 
Regulation of PTH secre centration of free calcium in 


the con 
? . ; ntrolled by ; 
a SE alee pTH secretion. 


pTH secretion: 


x 


r Low plasma calcium sti * 
. . i 5 
’ High plasma calcium inhibi 
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Vitamin-p: 


> Fat soluble vitamin 


> Vitamin D, also Calle 


d thole 
Calrife 
$ Tey! ie 
kin as a result of =m 


t rays fror 


ir j we 
radia ' 
ultraviole tion of 


N the Sun 


-> Cholecalg iferol i Starei by We 
liens 3 i CONVerteg to 25 Hyd 
Iver, itis lege active yc "OxYcholecalciferol — a 
` Iri tha a" $ r. 
P inthe Droxim _— i 
al t > "a = q 
E com... Ubules of the kidney 25-H | oem 
> SOnverted to 1, 25.Dihy > "Yroxycholecalci¢ f _— 
form of vitam; Vdroxycholecalcifero| it eae — i 
r tam = : , is — - 
eca In-D. This conversion requires PTH, | most active = —= , 
S » <2-Dihydrox inthe ab — 
ychlecalciferg| d absence $ 
oes not form w) 
Ph Ç} > . | i T 
) Slological] Actions Of vitamin-p. Me 
> Stimulate b i . Activation ~ 
S bone resorption. fitan 
r Increases reabsorption Of calcium and Phosphate b 
e i ate by th 
7 Increases absorption of Calcium and jesi Y the renal tubules, 
ORR ate ; . 
calbindin. i by the intestines through for 
Mat On 


Calcitonin: 


> Secreted by para-follicular cells or C- 
* Peptide hormone consists of 32 A.A. 
> Molecular weight of 3400. 


cells of the thyroid gland. 


Physiological actions of calcitonin: 
> Calcitonin decreases plasma calcium concentration Causing its deposition on bone 


Regulation of calcitonin secretion: 
> The primary stimulus for calcitonin secretion is increased extracellular calcium and ve 


Ve 


versa. 


Hypo-parathyroidism: 
> Hereditary or as a result of thyroid surgery. 
> Causes hypocalcemia. 


Primary Hyper-parathyroidism: 
Due to parathyroid tumor. 


Yv 


Vv 


Causes hypercalcemia. 


Secondary Hyper-parathyroidism: 
> Due to vitamin-D deficiency or chronic renal disease. 


> Decreased plasma calcium. — 
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oid Hormo : 
arathy" ! ne, Calcitoni 
nand Vitami 
n-D 


_ ore is decrease in the mineralizati 
. ere pde eralization of bone. 
” occur in children. 
> a 
occur due to vitamin-D deficiency. 
zowing of legs may be seen in children 


treatment is administration of calcium, phosphate and vitami 
jitamin-D, 


osteomalacia: 
> There is decrease in the mineralization of bone. 
> Occur in adults. 
Occur due to vitamin-D deficiency. 
Treatment is administration of vitamin-D. 


osteoporosis: 


> Bone matrix and mineralization decreases. 


> Occur in old age. 


y Osteoblast activity de 
nistration O 


ases. 


creases and osteoclast activity incre 
duce the activity of osteoclasts. 


> Treatment is admi f bisphosphonates which re 
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Male sexual organs: 


Pa 


> 


» 


> 
I 
> 
» 
r 
i 
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Testes are the male sexual organs that play role in reproduct 
cuon 


« t G ini 
Testes are composed of 900 seminiferous tubules in vhich sf 
v N Spermatoge 
E Nas je ¢ 
OCU 


The sperm then e pi 
I then empty into epididymis, and epididymis leads int 
> 1 AUS INLO Vas defe 
“TOP Gir. 


The vas deferens e i 
as deferens enlarges into ampulla before it enters the body of 
enters ? body of pros 
2 Ate ryt 
> gl 


Irri 
Fic} 


Seminal vesicles located on each of prostate empty into am II 
The ej: ator i i po a 
we ej icul itory duct is formed by the union of vas deferens and du 
Prostatic ducts from prostate gland empty into ejaculatory duct Ct Of seminal fe 
The ejaculatory duct opens into the prostatic part of urethra | 
Urethra is connecting testes with exterior. | 
Bulbourethral glands located at the origin of urethra, supply the urethra wi h 
wit Mucus 


tio 


Spermatogenesis: 
It is the process of formation of sperms. enana B 
It occurs in the seminiferous tubules of testes. E: 4 Faaa 


It begins at an average age of 13 years. 
ie ` 


z 
4 
: 7 
PEU E FY «———— ~ m 
7 
Fa 


The entire period of spermatogenesis is about 74 pee 


~ 


days. 


—— Tad of epoca 


Internal structure of the testis 


Steps of spermatogenesis: 


Spermatogonia that cross barrier into sertoli cell layer become modified and enlarged to 


form primary spermatocytes. 


Primary spermatocytes undergo first meiotic division to form secondary spermatocytes. 


Secondary spermatocytes undergo second meiotic division to form spermatids. 


Sex chromosomes: 
In spermatogonium one of the 23 pairs of chromosome = 


carries the genetic information. 
This pair is composed of one X chromosome which is at 


> 


called female chromosome and one Y chromosome , 


which is called male chromosome. i 
During meiotic division, the male Y chromosome goes l 
N 


to one spermatid that becomes male sperm, and the 


> 
>~ 
7 


yr y 


becomes a female sperm. 
The sex of the eventual offspring is determined by 


which one of these two two types of sperm fertilizes 


| 
| 
| 
female X chromosome goes to another spermatid that | 
| piani ena 
| 
| 


the ovum. 
Cell division during 5 


Perae germ cet 


pete 


permatogenes" 
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tion of sperm: 


„matids are formed, they 


„tids differentiate and elonpate 
yle ’ ~d 


gpermatozoan is COMPOSed of hè 
h : 


(Aat 


i : ad, ne 
a anterior two-thirds of the hez ; 
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r the ovum. Proteolytic NA Inla) 
ovement or the tah provides Motility to th 

" , R ; e 
„ergy is provided by mitochondria in the body of 
sing fructose as an energy source. Y OF the tail in the fon Wis 


Sperm, 


maturation of sperm: 


saturation of sperm occurs in the epididymis 
_ when sperm remain in epididymis fo , 
| When sp ididymis for 18 to 24 hours develop capab m 
, capability of motilit 
Y. 


Rate of formation of sperm: 


> The two testes formed about 120 million sperm per day 


Storage of sperm: 


z Most of the sperm are stored in the epididymis and a small quantity is 


; stored in vas 
deferens. 


Physiology of mature sperm: 


z Sperms move through fluid medium at velocities of 1- 4 
mm/min. pee 
y The activity of sperm is enhanced in neutral and slightly l oo 
alkaline medium. dii S } ’ 
> Acidic medium causes death of sperm. L\ Nes 


i ins 
y The ejaculaled sperm in the female genital tract rema 


alive for 24 to 48 nours. 


——— fu one te 


Structure of Human spermatozcon 


i togenesis: i FSH Secrstion. 
Regulation of eg on anterior pituitary to stimulate LH and 
ic horm 
r GnRH a hypothalamic 


a ce ermatogenes!s: ; 
z Testosterone stimulates SP°" o feedback for LH secretion. 


i iogenesis- 
z Testosterone provide hich promote apei etal for FSH sec 
” FSH stimulates serto des negative 


z Sertoli cells secret 


retion. 
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Semen: 


~ Semen also known as seminal fluid is com 


posed of fluid and sperm ejaculated 
sexual act. 


during ma 


- Seminal vesicles contribute 60% of semen. 
7 Prostate gland contributes 30% of semen. 
Vas deferens contributes 10% of semen. 


Semen provides transport medium and nourishment to sperm. 


Capacitation of sperm: 

> When sperms are ejaculated they are unable to fertilize an oocyte. 

> Sperms must undergo a period of conditioning called Capacitation that last for 1-7 hours 

> Capacitation occurs in uterine cavity or uterine tube. E 

> During capacitation glycoprotein and cholesterol are removed from the surface of se 
acrosome. . 

> Capacitated sperms do not show morphologic changes, but they are more active. 


tat} it i occur. 
> Completion of capacitation permits the acrosome reaction to 


One sperm enter the oocyte during fertilization: 
When first sperm penetrates the zona pellucida of the ovum. f 
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jrecHON: 

ndis the Arst effect of male. . 

pre tio Male se “ual stirnulation 

7 caused DY Parasyripathertie Ir patal nese, 


- parasympathetic fibers, relense Nitric. oxide 
nitril gride achivates Buanyly| Celano Lausing interes: 
7 \ a Fed 


sed formati 
(GMP dilates the arteries of penis and of the lon of CGMP. 


erectile UEGUe, 


the arteries dilate, blood flow incre 


CASES, fascia 


7 , jnereased blood flo LIUS, ballooning Ot pus —— 
O 


LIVENOSU 


~~~ Centea nery 


g the erectile tissue, so the penis becomes 


ee 
Urethra —— Corpus 


rad and elongated, this phenomenon is spongcsum 


tj od efeECHON. Erectile tissue of the penis 


Emission: 


mission is the movement or expulsion of sperm from epididymis, vas deferens, seminal 
iddes and prostate gland into internal urethra. 


* s 


used by sympathetic impulses. 


tjaculation: 


the ezpulsion of semen from urethra to the exterior. 
‘Caused by the rhythmical contraction of the ischiocavernosus and bulbocavernosus 


a 


ae 


tuules that compress the bases of penile erectile tissue. 


s 


PEY 


ted by syrnpathetic impulses. 


| | stosteron e@: 


Fis tay 


at iti ig Í testes. 
Shy interstitial cells of leydig in the | | 
erone in the newborn male infant for the first few 


-9 MELY tets \; pe guanitities of testost 


‘ 
Wyong P 


of Lifes and in the adult male after puberty. 
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Much of the testosterone is CONV t 
4 erte 
r d into more Active he r 
fMTOore r 
wir ia} 


fro 
Va 


t . 
va- reductase in the target tissues 


After secretion 
about 9 % a¢ 
30-60 minutes, with plasma prote 
LEINS ar 

Testoster n e c _ 
$ > one tha > i ; 
5 Onverted 
- into 


dehydroepiz 
»piandrosterone, after secretion they are excreted f 
reted from the 


anders 

3 è = n sody 

Si eS Pe of testosterone: 

Dee F . , scrotum, seminal vesicles and prostate gla 
pening of voice. iii 

Growth of facial, pubic and axillary hairs. 

Male pattern baldness. 

Increases development of muscle. 

Increases thickness of skin. 

Increases sebaceous glands secretion. 

Stimulates spermatogenesis. 


Adiposogenital syndrome: 
Also called frohlich’s syndrome or hypothalamic eunuchism. 


Caused by genetic inability of hypothalamus to secrete normal amounts of GnRH. 
This is often associated with abnormality of feeding centre of hypothalamus causing t- 
person to over eat. So obesity occurs along with eunuchism. Ea 


Erectile dysfunction: 
An inability of the man to develop an erection. 


Caused by trauma to parasympathetic nerves, 


medications. 
It can be treated with phosphodiesterae-5 inhibitors such as sildenafil (Viagra). 
CGMP levels in erectile tissue by inhibiting the phosphocie 


enzyme which degrades CGMP. 
ase in CGMP level causes erection. 


neurological disorders anc 5t 


< 


So incre 
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repi oductive System: 


srod 


$ 
uctive syster r 
y M CONSIsSt of, 


„genesis is the process of formation of 
ture egg Or ovum. 


ma 


, occurs in the ovary, 


Onnila 
r Jvulaton, Fertilizatic 
b t on and molane 
aton 


steps of oogenesis: 


_ puring feta Severo pment melosis | begin but arrested in prophase | until pubert 
, After puberty primary oocyte complete meiosis | which : 


ives a : 
polar body that degenerates. 8 secondary oocyte and first 


» The secondary oocyte begins meiosis Il but arrested in metaphase II. 
, The secondary oocyte in metaphase II stage is ovulated. 


, After fertilization the secondary oocyte complete meiosis II and gives rise fertilized ovum 
and a second polar body that degenerates. 


Regulation of female sexual cycle: 
, Hypothalamus secretes GnRH ina pulsatile manner 


(yee Oe) 
mow peborg 


which acts on anterior pituitary to secrete LH and 
FSH. 


Estradiol (pg int) 


FSH: 
7 Stimulates development of ovarian follicles. 


PStt aed Lt 
wget) 


‘ 4 2 1 2 2% a» 
LH: Days of tomaia senal cycle 


Plasma concentrations of the FSH and LH and 


z Cause ovulation. Ovarian Hormones 


z Cause luteinization. 


one 
r Stimulate production of estrogen and progester 


hy the ovary. 


Negative feedback: 
r Estrogen and progest 
+ inhibin secreted by Bran 


its FSH and LH secretion. 


e inhib E 
eron pus luteum also inhibits FSH and LH secretion. 


sa cells of cor 


Positive feedback: ate FSH and LH secretion, 


rogesterone stimul 


5 and p 
Estrogen pape 102 CEES E EEA 
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Menstrual cycle: 
> It is a monthly cycle in which a series of changes in hormone 
structures of the uterus and ovaries of the female occur, l 

It begins at an average age of 13 years. 


Production Arie 


Average duration of menstrual cycle is 28 days 


> 
> 

> Menarche is the first occurrence of Menstrual cycle 
7 : 
> 


Sation of Menstrual cycle, 
day of Menstrual cycle, 


Menopause is the Permanent ces 
First day of bleeding is Called first 


Phases of menstrual cycle: 


Follicular phase: 
> Also called Pre-ovul 


atory or Proliferative Phase, 
> Estrogen rises. 


Endometrial 
thickness 


J 


> The uteri ini i i 
ne lining builds which has lost during rr reatv®  Seeretory ma 
k *Mstrus) 
menses. (days) aaam pam 


(5 days) 


> Follicles development Occurs. 


Phases of Endometrial Browth and menstruation g 
uring 


each monthly female sexual cycle 


Ovulation: 

Egg is released as a result of LH surge. 

Ovulation always occurs 14 days before the end of the cycle. 
Ovulation day = cycle length - 14 

If the duration of cycle is 28 days ovulation occur at the 14" day of cycle. 
If the duration of cycle is 21 days ovulation occur at the 7* day of cycle. 


V 


Y 


Y Y 


LH surge occurs. 
Estrogen reaches its peak. 


YYY 


Luteal phase: 

> Progesterone rises. 

> Estrogen decreases. 

> Uterine lining continuous to build. 

> Vascularity and secretory activity of endometrium increases which prepares it for the 
implantation of fertilized egg. 

> Corpus luteum begins to develop which secrete estrogen and progesterone. ; 

> If fertilization does not occur, corpus luteum regresses at the end of the luteal phase. This 
occurs about at the 26" day of female sexual cycle. As a result estrogen and progesterone 
level decreases. 


Menses: 
> Estrogen and progesterone decreases. 
> Endometrium sheds. 


=~ : 
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“ile pel iod of Menstrual cycle: 
o | = s 


rm vum remains viable for 24 hours aft 
ett t € 


er ovul; 
„ation is to take place, ulation, 


Sper 
| | Perm must be available 
, sperm can remain fertile in the dint 


l female r 
“cee fertile period of each sexual cyc] 


oon 
eproductive tr 
e is about 4 to 5 


aft Vt 


after Ovulation 


act for § days. 


days, 
yenstrual irregularities: 


ymenorrhea; 
Lack of menstrual periods, 


d 


oligomenorrhea:; 


, Menstruation occurs with intervals of more than 35 days 


polymenorrhea: 


, Menstruation occurs with intervals of less than 21 days. 


Menorrhagia: 
, Menstrual bleeding lasts for more than 7 days. 


Ovarian hormones: 
y Ovaries secrete two types of hormones, estrogen and progesterone. 
, These hormones are steroids. 
r Transported in the blood bound to plasma proteins. 
r Have half life of about 30 minutes. 


Estrogen: 
z There are three major estrogens, estradiol, estrone and estriol. 
r The estrogenic potency of estradiol is 12 times that of estrone and 80 times that of estriol. 


Physiological actions of estrogen: l 
r Has both positive and negative feedback effects on FSH and LH secretion. 


r Growth of fallopian tubes, uterus and vagina. 
r Breast development. 
7 Growth of pubic and 4 


> Soft skin and more vascular. | 
rption and stimulates bone formation. 
7 Inhibits bone res 


i osure. , 
Epiphyseal cl ¢ secondary sexual characters in females. 
Development 9 


<” Page Lol DESEE 
F | 


xillary hairs. 
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Proliferation of endometrium, 


Thinness of cervical Mucus, 


Relax pelvic ligaments of mother whi 


Increases uterine Contractility, 


Physiologica] actions of Progester 
Has both Positive and negative 
Promote Secretory changes int 
Breast development. 
Decreases uterine contractility. 
Promote secretion of mucosal lining of fallopian tubes. 

Maintain pregnancy. 

Thickness of cervical mucus. 

Raises body temperayure about 0,5F°. 

Prevent menstruation during pregnancy. 7 
Development of decidual cells, these are swollen and nutritious cells, 


l ses sensitivity of respiratory center to co,, so increases i a 
ncrea 
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tion of pregnancy is 9 Months m 


pula a 
last Menstrual cycle or 


om 


ertilization. 
t 


„g test Is used for detection of pre = i 


ht BNancy f 
scond week of pregnancy, Y from 


ssl 


fe 
nancy starts Irom fortiliz 


preg ation until p 


arturition, 5 
` Ovulatior è 

pertilization: vulatian, F 

is the fusion of haploid egg and Sperm to form divio, 

occurs in the ampulla of fallofian tube, Ploid zygote, 


The zygote divides rapidly and rem 


lation and Implantation 


if X chromosome from a sperm combines with 


X chromoso E 
combination, child will be female. me from an egg, giving an Xx 


if Y chromosome from a sperm combines with X chro 
combination, child will be male, 

Implantation: 

Itis the attachment of blastocyst to the wall of the uterus. 
Blastocyst reaches uterus on day 4" - 5" after ovulation. 
Implantation of blastocyst occurs on day 5" - 7" after ovulation. 


Implantation results from an action of trophoblast cells that form outer layer of blastocyst. 
Before implantation the blastocyst abtains nutrients from uterine milk. 


mosome from an Ovum, giving an XY 


During the first week after implantation the embryo obtains nutrients from decidual cells 
and after first week of implantation from placenta. 


Placenta: 

Itis the connection b/w uterus and umbilical cord. 
Itis feto-maternal organ. 

Fetal part develops from chorion frondosum. 
Maternal part develops from decidua basalis. 


j i ion. 
Provides nutrition to embryo after first week of implantatio 


Functions of placenta: 
Nutrition 


7 Respiration 


d . 
i Excretion of waste products. 


> 


Hormone production. 
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Hormones in Pregnane 
atte V3 


RNancy pl 
ACONL A fe 
‘ Jj ‘ 
Human , horioniy Ron m 


- a i 
Estrogen Jotropin (hCG) 


DP 
I rORestey One 


ar ¢ i € t 


« C i ic ( ( 
t S. 
G dis otein having Molecular Weight of 39000 
e i 
Secr tion begins about 8- 10 days after Ovul n 
u atio . 


h . 
CG test is used for detection of pregnancy 


Prevents shedding of endometrium. 
Acts on testes resulting in production of testosterone 


Human chorionic somatomammotropin: 


Also called human placental lactogen. 
A protein having molecular weight of 22000. 
Secreted from 5" week of pregnancy by placenta. 


Functions of human chorionic somatomammotropin: 
Structure and functions similar to those of growth hormone, 
Modifies the metabolic state of the mother during pregnancy. 
Decreases insulin sensitivity and utilization of glucose in mother. 
Promotes release of free fatty acids from maternal fat stores. 


Maternal changes during pregnancy: 


Anterior pituitary enlarges and increases corticotropin, thyrotropin and prolactin s 


Corticosteroid secretion increases. 
Thyroxine secretion increases. 


Parathyroid gland secretion increases. 
The average weight gain during pregnancy is 25-35 pounds. 


Metabolic rate increases. 
Cardiac output and blood volume increases. 


Respiratory rate increases. 
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nancy: 
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rowan » place outside the \ 

in fallopian tubes terus 


clamps? 
” 
pr nancy complication characteri 
: zed by high bl 
ood pre 


r 20 weeks of pregnancy ssure. 


afte 
ad liver damage also occur. 


ajil 


camps! 
„reme degree of preeclampsia. 


te 


_ecterized by vascul ic sei 
eriz y ar spasm and clonic seizures, sometimes followed by coma 


maf gnr 


parturition: 
sns birth of the baby. 


ore 
fie 


sko called childbirth or delivery. 

suring pregnancy mostly the uterus undergoes periodic 
episodes Of weak and slow rhythmical contractions called 
arexton Hicks contractions. 

The strong contractions that occur during the end of 


nancy that cause parturition are called labor 


arez 
r'~0 
contractions. 1. Baby's head stretches cenwat 
2 Cenical stretch excites fundic contraction 
3. Fund contracuon pushes dady down and stretches 


in normal births the head is the first part of the body to cervix some more 
4 Cycle repeats over ane over agan 
pe ex pelle d. Theory for the strong construction during labor 


girth in which buttock 
called breech delivery. 
Child birth is a positive feedback mechanism. 


About 350 ml of blood is lost during parturition. 
Lochia is the vaginal discharge after childbirth that last for 8 - 10 days. 


s or feet first enter the birth canal is 


rturition: 


rone which increase uterine contractility. 


Factors that cause pa 
of estrogen to progeste 
ction of the uterus. 
glandins that inc 
s their contractility. 


gle child that emphasizes the 


increased ratio 
s contra 
ase prosta 
ature increase 
rage 19 days earlier than a sin 
ntractions. 


rease uterine contractions. 


Fetal membranes rele 


Stretch of the uteri 
ve 

inc , porn on ? paras : 
Twins are ical stretch in eliciting uterine cO 


; e of i 

mee the cervix stimulates the release of oxytocin. 

Stretch of the 
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~ The hypothalamus secretes prolactin inhibitory hormone or dopamine th 


~ The hypothalamus stimulates production of all other anterior pituitary hormones 


z During pregnancy lactation does not occur b/c estrogen and pro 


ya 
Lactation: 
> Lactation is the process by which milk 1S synthesized J 
i ING secte 
glands of female breast after Childbirth creted frorn s 


Development of breast: 


yr Estrogen stimulates Browth of the duct 


a = * DrEasSte 
Progesterone is re S ists 


qu 4 Via) 
quired for full development of the lobules and alveol 
-Sng diveoli 


Factors that promote lactation: 
~ Prolactin promotes lactation, 


r During pregnancy prolactin level increases steadily b/c estr 
secretion. OBEN stimulate. ore 


7 gesteron Gi. 
of prolactin on the breast, so inhibits lactation. © Black the ae or 


7 After child birth estrogen and progesterone decrease and lactation occurs 


7 Lactation is maintained by suckling, which stimulates oxytocin and Prolactin secret; 
retion 


Prolactin inhibitory hormone: 


essential role in controlling prolactin secretion. 


except 


prolactin that it inhibits. 


> Damage to the hypothalamus increases prolactin secretion while depresses secretion ç: 


< 


Y 


other anterior pituitary hormones. 


Milk ejection reflex: 
Also called “Let-down” reflex. 
It is the removing of preformed milk from alveoli into the ducts and out of the nipple. 


Caused by oxytocin. 


Ovulation is suppressed in nursing mothers: 

Ovulation does not occur as long as lactation is continuous. 

The reason is that the prolactin inhibits hypothalamic GnRH secretion. 

This inhibition, suppresses anterior pituitary FSH and LH formation. So ovulation does °° 
occur. 
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layers 


Serosa: 
Thin layer of connective tissue, 
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Muscularis : 

> Muscular layer. 

> Outer longitutinal and inner circular smooth Typical, er a 
muscle layer. 


7 Has Myenteric nerve plexus b/w longitudinal and circular muscle layer 
ayers, 


Submucosa: 
> Layer of connective tissue. 


> Has Meissner’s plexus. 


Mucosa: 
Consist of, 


> Epithelial lining 
> Lamina propria 
> Muscularis mucosa 


GI smooth muscle function as a syncytium 
> Smooth muscle fibers are arranged in bundles. 
> These bundles are present in longitudinal and circular muscle layers. 


> Fibers in each bundle are electrically connected by gap junctions. 
When an action potential is elicited anywhere within the muscle, it travels in all 


` 


Pa 
directions in the muscle. 


> So GI muscle act as a syncytium. 


Electrical activity of GI smooth muscle 
> The smooth muscle of the GIT is excited by continual slow, intrinsic electrical activity 


> 
along the membranes of the muscle fibers. This activity has two types of electrical 


waves. 


Slow waves 


> Not action potential. 
> Slow undulating changes in resting membrane potential. 


> Intensity varies b/w 5-15 mv. 
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S 


spike potentials: 
y Action potentials. 
y Generated when RMP be 
y Greater the rise in RMP 


z Frequency ranges b/w 1 
> 


Generated by the entry of calcium ions 


epolarization of GI smooth muscle: 


7 When RMP becomes less negative depolarization of the membrane occurs 


= > Muscle fibers become more excitable 


Factors causing depolarization: 


7 Stretch of the muscle. 
7 Acetylcholine. 


z Parasympathetic nerves. 


yperpolarization of GI smooth muscle: 


z When RMP becomes more negative hyperpolarization of the membranes occurs. 
r Muscle fibers become less excitable. 


Factors Causing hyperpolarization: 
> Epinephrine and norepinephrine. 
= Sympathetic nerves stimulation. 


Mechanism of smooth muscle contraction: 


“ Entry of calcium ions causes smooth muscle contraction. = 
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“ Located in the 


athetj 
athetic and Parasympathetie a 


At inisic 


fiber, 


nal and circular mu 
Consist of linear chain o 


Pal 

= scle layers. 
> Outer plexus. 

> 

> 


f interconnecting neurons 


Controls gastrointestinal Movements. 
Mainly excitatory, some neurons are inhibitory. 


Submucosal plexus: 

> Also called meissner’s plexus. 

> Located inthe submucosa. 

> Inner plexus. 

> Control Gl secretion and local blood flow. 


Autonomic control of GIT: 
> Composed of parasympathetic and sympathetic innervation. 


Parasympathetic innervation: 
> Made up of cranial and sacral divisions. 
> Cranial parasympathetic by Way of vagus nerve innervates stomach, pancreas and 


first half of the large intestine. ‘etal half of 
~ The sacral parasympathetic by way of pelvic nerves innervates the distal ha 


the large intestine. 


Functions: 
> Increases activity of the enteric nervous system. 


> Increases GIT motility. 


> Causes sphincter relaxation. 
172 ŘE 
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a Oll 
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i hetit innervation: 
| 
„in the spinal cord b/w segments T5 and 12 


METI aa 

ases OI motility. 
res 
phin {cel relaxation, 


d ‘ 


ve GIIT SEC retion. 


„ases Al tivity ol the enteric nervous system 


pect! 
rointestinal reflexes: 
as ac sehen 
, nore ye three types of pastrointestinal reflexes 
qhe ‘ 2 


gollexe> that occul entirely within the enteric nervous system 
Re ` š 


ef: Reflexes of gastrointestinal secretion and peristalsis. 


goflexes from the gut to the sympathetic ganglia and then back to the gut. 


eg Gastrocolic reflex, enterogastric reflexes and colonoileal reflex. 


reflexes from the gut to the spinal cord or brainstem and then back to the gut. 


eg: Pain reflexes 


Hormonal control of GI motility: 


The GI hormones are released into the portal circulation and exert physiological 


actions on target cells. 


Gastrin; 
-Gastrin is a peptide hormone composed | 
"Secreted by G cells of stomach and duodenum. 


arge of 34 A.A and little gastrin of 17 A.A. 


Stimuli for secretion: 
i Protein and peptide in the stomach. 
” Stomach distention. 
‘ Vagal stimulation. 
Acid inhibits its secretion. 


\ttione. 
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f for secretion efi Faction and Causes relaxation Of the Sphi 
° m ES growth of exocrine pancrea = 
Inhibits gastric emptying. ` 
> Inhibits appetite so play role in satiety 
> Decreases gastric emptying. 
Secretin: 
> 


It is a peptide hormone composed of 27 A.A. 
> Secreted by S cells of the duodenum. 


w“ 


> First hormone to be discovered. 


Stimuli for secretion: 


> Acid 
> Fat 


Actions: 

7 Stimulates pancreatic bicarbonate secretion. 
7 Stimulates biliary bicarbonate secretion. 

7 Stimulates growth of exocrine pancreas. 

> Inhibits gastric acid secretion. 


Gastric inhibitory peptide: 
> I\Itis a peptide hormone composed of 42 A.A. 


> Secreted by K cells of the duodenum and jejunum. = 
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ions: 

stimulates insulin release 


inhibits gastric acid secretion. 


qcl 
7 
7 
motilin: 

it is a peptide hormone composed of 22 A.A 
secreted by M cells of the duodenum inim 


7 
7 
simuli for secretion: 
y Fat 

, Acid 

Fasting 


Actions: 
, Stimulates gastric motility. 


> Stimulates intestinal motility. 
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= . 
Process 


It is the 


Mast ication. 


y 


i Which 
Mouth into the Stomac = 


Swallowing Phases: 
> There are three Phases, 


Oral phase: 
> Voluntary phase. 


> Initiates the Swallowing process. 
> Tongue plays a vital role in this phase, b/c it 
elevates and Propels bolus into pharynx. 
> Bolus moves from oral cavity into the 
oropharynx. 
Pharyngeal phase: 
> Involuntary phase. 
> Bolus moves from the oropharynx into the 
esophagus. 
> Shortest phase. 
> Nasopharynx is closed. 
> Respiration stops. 
> Upper esophageal sphincter opens. 


Esophageal phase: 


Involuntary phase. 


> 
Bolus moves through the esophagus into the stomac 


> 


Lower esophageal sphincter relaxes. 
Time duration is 5 to 8 seconds. 


> 


Swallowing mechanism 


h by peristalsis. 
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4 tion of the stomach: 
a food. 
ie: a . ' 
a gof food with gastric secret; 
A isi" and etion, 
7 gestio" or ron 
DH. the stomach is co 
f (004 in t nverted into chym 
e; 


y pangs: 
uit mach is 
pen me pi empty for many h 
\ , l) 
Wr ction called hunger contraction. urs, 


pung 
mach Emptying: 


; ocess b which th 
tis the Pr y e contents of the stomach ane 
moved into the 
duodenum 


factors that cause stomach emptying: 
taltic waves- l 
ctions of the antrum. 


e of the stomach. 


ation of stomach emptying: 
h wall in response to increased food volume promotes stomach 


regul 
stretching of the stomac 
emptying. 

Gastrin promotes $ 
Fat in the duodenum in 


tomach emptying. 


hibits gastric emptying by release of CCK. 


Acidity of the duodenal chyme inhibits gastric emptying. 
mall intestine Motility: 
u ced 
- Two types of motility occur, Regularly sp3 
i i m isolated 
Segmentation contraction: sola 
Caused by distention of intestinal wall. l ; we 
Consist of oscillating, ring like contractions o 
circular smooth muscle. - 
i Weak regularly spac 
Contractile ring occur at every few centimeter es 
ntatl NOV! 
dividing the small intestine jnto segments: ee segme 
> xe 
B/w the contracted segments are rela 
Containing ch . actine. 
: ntest! 
urn and mix chyme with secre am 
nik ` testine- 
lp propel the chyme down the int 
_ | page 177 
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Per g 
erIstaltic co 


ntir ` 
Wave Of contraction D 
hay > ; ' ' Wel 
RAN coordinated CONntras t i is 
‘ ae ` tigo ve 
Move yt l velocity Of Or > jas 
N , aka l ’ Cry 6 } me 
i t In the Droximal INtestin = 
P AUSER Y + “ any ow yp 
t ODARAtION of Chyme. Or in the terry. ) toe 
Factors; i E 
é S affec i 
Fa i lecting intesti, ; i 
”  Gastrin, CCK insulin in peristalsis 
| » Ins *MOtilin an j ki 
r Secretin an j tee a 
and Blucagon Inhibit Small j pea od i 
Intestinal Motility, z 
Peristaltic Rush: 
> ; 
Powerful ang rapid peristaltic Contraction 
| S 
7 Caused by intense irritation Of the intest | 
y ina 
r Partly initiated by extrinsi Piwa 


ric reflex 


t 
he colon and thereby felieving . 


Ileocecal valve: 
7 tis a sphincter muscle situated at the j 
> Allow digested food to pass from small 
> Pressure and chemical irritation in the i 


unction of the ileum 


and the Colon. 
Intestine into colon 


and prevents back flow 


leum relax sphincter and excite pe 
> Pressure and chemical irritation in the ileum inhibits per 


contract. 


Fstalsis in ileum 
istalsis of ileum and 


sph Netter 


Colon Motility: 
> Two types of movements occur, 


Mixing movements: 


Vv 


Also called Haustrations. 
> Ring like constrictions occur. 
~ At each constriction about 2.5 cm of the circular muscle contract. 


~ Tenia coli which are aggregation of longitudinal muscle of the colon also contract ; 

~ These contractions cause the unstimulated portion of the colon to bulge outward "°° 
like sacs called haustrations. 

» Helps in mixing and propulsion of food. 


Mass movement: 
> Propulsive movements, 
> Occur 1-3 times a day. 


—_— 
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ed bY gastrocolic and duodenocolic reflexes 


tiat 
itid 5 

; n pels the chyme into rectum. 
pro 


n reflex: 


catio 
efe reces moves into the rectum. 
hen oi j i 
i ectum is distended which activates stretch receptors. 
retch receptors signal sacral spinal cord. 
hetic nerves from sacral spinal cord contract muscles of rectum. 


' pest 
7 parasym pat 
' ternal anal sphincter is relaxed. 
e l 
al sphincter Is voluntarily controlled. 


ditions are right, voluntarily relaxation of external anal sphincter allows 
herwise the reflex subsides until the rectum is filled again. 


/ 

> int 

7 

„ if the con 
jefecation. Ot 
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Saliva: 
» Mixture of water and elec trolytes secreted i 
a eaaa Y salivar 
Secretion of saliva: VATY Blane. 
® Saliva is secreted by parotid, submandibular ind 
e E ® x € t $l 
> Parotid glands secrete serous secretion iblingual Blane 


> Submandibular and sublingual Blands secrete ț h 
° , D i : Ot 
Saliva is secreted 1000 ml per day 


e 
e S 
ETOUS and Mur; 

“4 $e 


® Saliva has a PH 6 - 7, 
Composition of saliva: 
>» water 


Mucus, a glycoprotein. 
High concentration of potassium and bicarbonate ions 


> 
> 
> Low concentration of sodium and chloride ions. 
> a-amylase, lingual lipase, kallikrein and lysozymes, 
Mechanism of saliva formation: 
> It occurs in two steps. 
First step: 
> Occurs in acinar cells. 
Acini secrete primary saliva with a composition similar to plasma (isotonic fluid). 


Second step: 


> Occurs in salivary ducts. 
Potassium ions are secreted into ducts in exchange for sodium ions reabsorption ts- 


> 
ducts. 
> Bicarbonate ions are secreted into ducts in exchange for chloride ions reabsorption irom 
ducts. 
> Saliva becomes hypotonic b/c ducts are relatively impermeable to water. 
s s 3 è Superior and inferior salivatory sucs 
Regulation of salivary secretion: N ” 
. solitanus 
> Both parasympathetic and sympathetic supply Marae 4 
increase salivary secretion. «sf Fou Ay 
Nf oon pes 
i \ | p zn 
Parasympathetic supply: NN a 
> From superior and inferior salivatory nuclei. / ~g mi e 
` . . . Otic oe 
> Produces a large volume of watery saliva rich in Glosscpnanngea ane 
enzymes. = ee 
hye ' 
parasympathetic nervous regulate’ 
secretion 


Sympathetic supply: 


» From superior cervical sympathetic ganglion. 


> Produces a small, thick secretion of saliva rich in 
enzymes. Å a 
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yu! al 
H diges! ion 


gal" j protecti 
A sing am protection 


reciatiO" of taste 


AC secretion: 


Gas 
qner? are different types of cells in the st 
omach whi 
ich contrib 
ste in gastric + 
aad > acretion 


parietal cells 

secrete intrinsic factor 
7 : . . 
, intrins! factor IS essential for the absorption of vi 

. cic factor defici l of vitamin B,, ini 

7 intrins! jency causes pernicious anemia nee 

chief cells: 
> secrete pepsinogen which is inactive. 
> pepsinogen is converted into its active form pepsin b HCI 
> pepsin acts as proteolytic enzyme. iii 
> pepsin has molecular weight of 35000. 
> Its secretion is stimulated by acetylcholine 

G cells: mus Poe _ 
> Secrete gastrin. or 

E 
HTD, apm AET “h 

Mucous neck cells: oe Rer m ors wats 
‘ J er 
> Secrete MUCOUS: AT n m~ 

= "email a pose 6 (ee 
ke cells: mr ns ww arta 
Genome Aor > ose a paale 


> Inthe parieta 


> ‘ e . . 
Í, Carbonic acid dissociates 
a 

Hydrogen ion is secrete 


I5 n; 
Bicarbonate ion is pum 


| 


enterochromaffin li 
> ECL cells secrete histamine. 


Mechanism 
> Parietal cells secrete HCl. 
ter are converte 


£ een 


of HCI secretion: 
Mechanism of HCL Secretion 
d to carbonic acid catalyzed DY 


| cells carbon di 


carbonic anhydrase. 
form hydrogen ion a i 
ictal cells in exchange for 


to 


d into the | 
gen potassium . 
i in exchange for chloride 10" into parieta! 


ped outs 


cell at basolateral membrane. 
— paoe 18h ————— 
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potassium ion by hydro 


y 
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Fa 


i ypepti 
Drugs that block sista. a ie 
> Atropi ani ACId Secretion. 
i pine a cholinergic antagonist etion: 3 
~ Omepra y 
> Ci i zole a proton PUMP inhibitor f 
ua i : Bleed 
imetidine a H, receptor antagonist. E ar, masea 
- Phases of gastric secretion: SN S 
> Total gastric secretion is 1500 ml day. a Dr N 
7 PH of gastric secretion is 1- 3.5. a = 
> Gastric secretion occur in three phases, > T 
Cephalic phase: ~ 
> Gastric secretion occurs before food enters the Phases of gastric secretion andthe rp 
stomach. 
> Results from the sight, smell, thought or taste of food via vagus nerve, 
> Accounts for 30% of gastric secretion. 
Gastric phase: 
>» Gastric secretion occurs when food enters the stomach. 
> Results from vasovagal reflexes, local enteric reflexes mene EEI w 
. fwd 
and response to gastrin. woe 
> Accounts for 60% of gastric secretion. a ni PE OF 
Intestinal phase: Tt | 
> Gastric secretion occurs when food is in duodenum. ae o Weg 
> Results from nervous reflexes and intestinal gastrin. e“ a 
> Accounts for 10% of gastric secretion. aie 
we? " 
Pancreatic secretion: > 
> Pancreas is elongated gland lies behind and below the pancreatic secrete" 
Mechanism of Pancre 


> Pancreas has acini and ducts. 
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Gastrin 


Histamine 


Somatostatin i 
prostaglandins 

Gastric inhibitory Peptide 
Vasoactive intestinal pol 


stomach. 


———— 
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„atic ae inar cells secrete 
( t digestivo eñ? 
Ymes 


i 
spatii ductules and ducts secr 
` p 


tt t ' 
' sod 
im hi 
carbo 
Mata 


etion 1s 1000 ml/day. 


ace 


p ncreale digestive enzymes: 


protei" digestive enzymes: 
nverted into active form trypsi 
” co rypsin by enterokinase secreted by lini 
e ining of small intestine 


chymotrypsinogen: 


inactive. 
d into acti i 
s converte ctive form chymotrypsin by trypsin. 


proca rboxypeptidase: 
> Inactive. 


> converted into active form carboxypeptidase by trypsin 


carbohydrate digestive enzymes: 


pancreatic amylase: 
> Secreted in active form. 
> Hydrolyze starches and glycogen. 


> Cannot hydrolyze cellulose. 


Fat digestive enzymes: 


Pancreatic lipase: 
> Secreted in active form. 
> Becomes efficient in the P 
| > Hydrolyze triglycerides int 


resence of colipase. 


o fatty acids and Monoglycerides- 


Í Cholesterol esterase: l 
7” Hydrolyze cholesterol esters into cholesterol and fatty acids. 


7 Phospholipase: 
> Cnlite fattu aride from phospholipids: 


—_ «| 
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Water a f Secr - 


y 
3 
a 

< 
a 
me: | 
o 
m 
(P) 


Pa The , 
a Sodium ions arer 
iN bicarbonate io ere ği 
a | 5 are XC 
i Nto the lumen of the a, 
duct 


Factors that Stimulate pancreati 
Acetylcholine atic secretion: 
CCK Sti ; 
Moare secretion of pancreatic enzymes and bicarbonat ii 
Secretin stimulates secretion of bicarbonate solution e solution, 


Functions of pancreatic secretion: 


> Digest protein, carbohydrates and fats. 
> Highly alkaline, neutralizes HCI in the chyme that enters duodenum. 


Bile secretion by the liver: 
> Secreted 1000 ml/day. 
> PH of bile is 7.8. 


Composition of bile: 


> Water 
> Bile salts 
> Bilirubin 
> Cholesterol, lecithin and fatty acids. . 
> Sodium, potassium, calcium, chloride and bicarbonate ions. 
> Noenzyme. 
l. 
j ile: jester 
Formation of bile: eeh nepatocytes from cho 


_> Cholic acid and chenodeoxycholic acid are s 


Wh 
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prolyte’ 


orage ol bile: 


aile is 

pit 

ty of gallbladder for bile sto ; 
storage is 30 -* 

> 30 -50 ml, 


cap?” 

‘0 ontration of bile: 

gile ; 

acum by the gallbladder mucosa. 
Re „ulation of bile secretion: 

ccK causes co 
r . 

secretin stimul 


çetylcholine cau 


ates biliary bicarbonate secretion 
P ses contraction of the gallbladder. 
punctions of bile: 


fat digestion. 
lizes gastric acid int 


on of bilirubin. 


> Neutra he small intestine. 


7 excreti 


Gallstones: 
, Gallstones are 
the gallbladder. 


pieces of solid material that form in 


Causes of gallstone: 
> Too much absorption of water from bile. 


» Too much absorption of bile acids from bile. 


y Too much cholesterol in the bile. 
Inflammation of gallbladder epithelium. 


Bilirubin: 
> Greenish yellow bile pigment. 
, Major end product of hemoglo 
a concentration (0) 


þin degradation. 
> Normal plasm f bilirubin is 0. 
” Conjugated in | 
> In intestine bilirubin iS converted 

urobilinogen. 


> 
Some urobilinogen iS excrete 


| After exposure to air in the urine, urobilinogen becomes O 
185 n 


— | Page 


nose pile a! ids are í onjugated with pi 
qty’ r y HYCING OF 
co pile calts are then secreted taurine to f 
phi ') the hile Cerny he 
and water are added to the bil 
ye 


5 mg/dl. 


iver with glucuronic 
jal action in 


ira 
apad tiya hila salta 


ted CC nt ’ 
t 


is concentrated in the gallbladde 
Zallbladder by the reabsorption of 
of water and ele 
i ctrolytes except 


Causes of gallstones 
1 Too much absorption of aater 


from bile 
2 Too much absorption of pile 
acids from bile 
3 Too much cholesterol in bile 
4 Inflammation of epithelium Stones Liver 


i Hepatic duct 
xX 
, Course followed Dy ie 
v 1 During rest 
p 2. During Gewonn 


Galibiaddet ——/ a 


Stones 
Cystic duct 


l 

——— Common we guet 

$ 

‘ Sprinciet of Oda 
“ 

aet ———~ $ —— 


Papilla of V Pancreatic duct 


Duodenum 


Formation of gallstones 


ported into intestine. 
to highly solu 
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OT AMTES Oxidi 
j xidized to ste 
aundice: ` ErCobilin 
B ; 
Ody tissues becom 

e 


Excess bilirubin in th nies Coloured 
e f 


kernicterus. 


O ucti i | 7 
e 


Types of jaundice: 
Hi are two types of jaundice. 
an den Bergh reaction can differentiate b/ 
w 


them. 


Hemolytic jaundice: 


intestinal Contents 


Excessive production of bilirubin occurs. 
Caused by excessive breakdown of red blood cells. 
Excretory function of liver is normal. 

Bilirubin is in unconjugated form. 

Van den Bergh reaction is indirect positive. 


Bilirubin formation and excretion 


Obstructive jaundice: 

Bilirubin production is normal. 

Caused by obstruction of the bile ducts or damage to the hepatic cells. 
Bilirubin formed cannot pass from the blood into the intestine. 


Bilirubin is in conjugated form. 
Van den Bergh reaction is direct positive. 
Secretions of the small intestine: 


Its secretion is 1800 ml/day. 


PH is 7.5 - 8. 
Brunner,s glands secre 


Goblet cells secrete MUCUS. 
Enterocytes secrete water and electrolytes. 
___.. Page 186 ee 
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te alkaline mucus. 


retory Functions of the Alimentary T 
ract 


CH# 03 


pigestive enzymes inthe sm 
’ 


all paii 
thelial cells lining intestinal mi inte Stinal secretion 
5 O ; 


[p 
Sd n 
peptidase iia 
sucrase, maltase, somalta 
; ' se and la 
Clase 


ntestinal lipase 


pnterokinase 


v v v v v 


‘ ‘ 4 . ‘ 


Watet 


Mucus 
sodium, potassium, chlori ; 
7% ride and bic i 
arbonate ion 
a jons. 


pigestive enzymes 


tepulation of small intestine secretion: 


muUCOuUS membrane, 
punctions of small intestine secretion: 


provides protect ion to intestinal wall. 


Digestion 
secretion of large intestine: 
Large intestine secretes only mucus, 

) of mucus secretion: 


Repulatior 
ation of the epithelial ce 


Direct, tactile stimul 
reflexes to mucus 


Ils lining the intestine. 


a 


cells. 


y Local nervous 
ation. 


parasympathetic stimul 
ucus: 


Functions ofn 
intestinal wall. 


Provides protection to 


Hold fecal matte 


N 


r together 


Y 


WT ——ow 
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> Alpha dextrin 


Peptones 
Polype: 
OyPeptides 


Proteins a h 
Digestion of proteins in the stomach: | 


> Pepsin initiates protein digestion. 


Trypsin, chymotrypsin, CarDoxypolypeptdase 
Proelastase 


V 


Peptidases 


Amino acids 


Convert protein to Proteoses, peptones and Ea 
polypeptides. 


Amino acids 


Digestion of proteins 


Digestion of protein by pancreatic proteolytic enzymes: 
7 Trypsin, chymotrypsin, carboxypeptidase and elastase split partial breakdown products of 
protein into small polypeptides and A.A. 


Digestion of small protein molecules by peptidases of small intestine: 
> Peptidases split polypeptides into tripeptides, dipeptides and into A.A. 


(Bile + Agitation) 


. . aa E TA 
Digestion of Fats: Fat 
Pancreat IPOS ty acts and 
S dl ; 
Digestion of fats in the stomach: Emulsified fat 2monogyeend 
> Small amount of triglycerides is digested in the er 


stomach by lingual lipase. 


AN 


> Lingual lipase is secreted by Ebn 
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Digestion and Absorption in the GIT 


emulsification of fat by bile acids 


E and lecith; 
gile salts and lecithin are powerful e d lecithin: 


7 They emulsify fat into small ieee i ta 

pigestion ni fat by pancreatic bee: race area for digestion. 
pancreatic nine hydrolyzes triglycerides nts fatty acid 

cholestero e hydrolyzes cholesterol esters į . s and monoglycerides. 
phospholipase splits fatty acids from phases. o cholesterol and fatty acids. 


pigestion of triglycerides by intestinal lipas 
s = ase: 


_ intestinal lipase hydrolyzes triglycerides into fatty acids and monoglycerid 
ycerides. 
spsorption in the small intestine: 


absorption of carbohydrates: 
Glucose and galactose are absorbed by sodium glucose linked transporter -1 (SGLT-1) in the 


r 
iuminal membrane. (secondary active transport linked to sodium) 
, Fructose is absorbed by facilitated diffusion in the luminal membrane. 
Absorption of proteins: 
> Amino acids are absorbed by secondary active transport linked to sodium in the luminal 
membrane. 
> Dipeptides and tripeptides are absorbed by hydrogen neat i ioone 
dependent co-transporters in the luminal membrane. T i eee 
“er 
ti 
Absorption of lipids: " Ą 
ae i ion to the na 
> Micelles bring the products of fat digest piony 
ri ° : Na a ai 
prush border of the intestine. a ig ae 
è . S mha 
o the roducts of fat digestion fatty acis, Pei 
Po lesterol diffuse across the a di "Onto 
monoglycerides and choles 
= into the cells. Ns 
luminal membrane j ides is resynthesized and l perme T. 
> inthe intestinal cells triglycer! nome Ve 
r = 1 i S. 
forms chylomicron ter blood E anre 
y Chylomicrons leave intestinal cells and en agorption though intestinal PT m 
7 ny on = 
stream via lymphatic circulatio 
tes: ine 
ate electroly -n cmall intestine: 
Absorption of water - d chloride absorption occur in sm 
j n 
> Water, sodium, potassium ê go takes place 
jon als 
> Calcium and iron absorption 
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Digestion and Absorption in the Git 


Absorption in large intestine: 
The following substances are absorbed in large intestine 


water 
sodium and chloride ions 


bile salts 
Vitamin K and vitamin B. 


VVVV Vv 


ii 


Scanned with CamScanner 


, ooo 

pisorders of swallowing and the Esophagus: 
pysphanee | 
$ tis a medical condition in which there is difficulty in swallowing 
achalasia | p. 
1 it is a condition in which the lower esophageal sphincter fai 

„wallowing: ails to relax during 
À rood swallowed into the esophagus fails to pass from esophagus into the st 
in severe cases esophagus enlarged, this condition is called ada. 
causes: | 
€ pamage in the neural network of the myenteric plexus in the lower two -thirds of the 

esophagus. 


phageal reflux disease or GERD: 


hich the lower esophageal sphincter becomes weakened and the 


castro-Eso 
a condition in w 


~ It is 
y 

acidic food from the stomach reflux into the esophagus. 
y There is esophageal burning and heartburn. 
garrett’s esophagus: 
y in severe cases of GERD the epithelial lining of esophagus change from squamous 

epithelium to columnar epithelium due to stress of acidic reflux. 
y These metaplastic cells are better able to handle the new stress. 
pisorders of the stomach: 
Gastritis: 
y Itisan inflammation of the gastric mucosa. 
achlorhydria: | | 
y Itisa condition in which the stomach fails to secrete Hcl. 
Pernicious anemia: Ea 
> Itisatype of anemia that results from vitamin b12 deficiency- B 

intri ctor. 
y There is impaired uptake of vitamin b12 due to absence of intrinsic a 
r p 
Causes A 
Peptic Ulcer: e a maoene rien / 
i stomach or 2 Wat y py 
y It is an excoriated area of the Ea f 
osal lining- P 

p the lesser curvature at ——— 
> It occurs frequently along i _ 

the antral end of the stomach. — 

Peptic Ulcer 
Causes: 
> High acid content. 
> Poor secretion of mucus. Ae 
N a : . . ee . 
eee infect? liquefies the barrier and stimulates secreti 
ammonium that q 


> H-pylori release 


OoOO a 
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‘Wey 
Clive > “Dy Orj 
Ive AWents SUCH ag « o Neutraliz 
d e t u `, à Bas 
Zollinger = Elli , “Talfate ang bie trie Aciej 
Sost “son dis Ase. Muth 
OMach Produces t Se; 
~ Results °° Much aciq 
In Peptic ulcer 
~ Caused b 
a 
> Too mu Pancreatic tumor that Secret 
Ch gastrin res etes gast 
ult rin 
S IN Over Production Of gastri 
icnr ai a: IC acid b l 
Disorders Of the Smal] intestin Y Parietal cells 
süne: 


Pa ncreatitis: 


» \Itisan inflammation of the Pancreas 


* Occurs when Pancreatic Proteolytic enz 


Ymes start di 


I8estion of the paner 
Causes of Pancreatitis: 


> Drinking excess alcohol. 


X% 


~ Blockage of the Papilla of vater by a gallstone. 


Cystic fibrosis: 

> Itisa disease of Pancreatic secretion. 

> Results from a defect in chloride channels. 
> Caused by a mutation in cystic fibrosis trans- 
> There is deficiency of pancreatic enzymes. 

> Results in malabsorption and steatorrhea. 


membrane conductance regulator 


o 
c 

5 
> 


Sprue: 


” Itis an autoimmune disease that damages the lining of the small intestine. 
» Damage is due to a reaction to eating gluten, a protein present in wheat and rye. 
> Results in malabsorption by the small intestinal mucosa. 


Steatorrhea: 


7 Itis a condition in which there is excess fat in the stools. 
* Stools may be bulky and difficult to flush. 

~ Stools have a pale and oily appearance. 

» Stools can be of foul smelling. 
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physiology of Gastrointestinal Diseases 


uses of steatorrhea: 
“a 


Lack of pancreatic lipase. 
Lack Of bile salts. 


sprue OF celiac disease. 


cystic fibrosis. 


ers of the large intestine: 


onstipation: 
it is a condition in which bowel movements becorrne less EGUENERA 400s petome 
7 ` nd AASE Y Feir yY e] oS 4 


ith CAAT, 


difficult to pass, associated with large quantities of dry and hath so 
> 4 ana Fiat le SE AS VF 


causes: 


> 
‘4 


Decreased fluid intake. 


Inappropriate bowel habits. 


> immobility. 


Treatment: 


> Laxatives are drugs that facilitate evacuation of stools frorn the bowel. 


Diarrhea: 
> Itis characterized by loose, watery stools occur more than three times a Gay. 


In diarrhea there is loss of isotonic fluid. 


S 


y 


Causes: 
Bacterial and viral infections. 


YV 


Lactose intolerance. 


Medication. 
Psychogenic disturbances. 


v v 


W 


Treatment: 


> Metronidazole which is antimicrobial drug. 


> Codeine and Loperamide are 


von N 


XN’ 


anti-motility and secretory drugs. 


e or megacolon: 


Hirschsprung’s diseas 
n cells in the myenteric plexus in a segment of the colon. 


Caused by absence of ganglio 
Results in constriction of the aganglionic segment of the colon. 
There is dilation and accumulation of intestinal contents proximal to constriction. 


Severe constipation also occurs. 
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Physiology of Gastrointestinal Dise Siar 


General disorders of the GIT: 


Vomiting: 
> Vomiting is the involuntary forceful expulsion of the 


wonteni SEa 


Sita h 


Vomiting center: 
> Area postrema located in the medulla is the vomiting cente 
a 


Causes of vomiting: 
Motion sickness. 
Medication. 
Food poisoning. 
Emotional stress such as fear, 


VVVWV 


Treatment: 


$ Dimenhydrinate an antihistamiie drug 


S Scopolamine for motion sickness, 


S Metoclopramide, 
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